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PREFACE 


In the preface to the first edition the origin and purpose of QoANjrrArnar 
Clinical CnruriSTSLY were described. It seems well to quote tjjes6 p£mgra$h^ 
Kirin* the author* have attempted to adhere to the same priiraple»#f*me pfep-- 
aration of this second edition. / / 

<f The present volume as well as its companion on mfthodiitas 
of the authors (P.) some sir years ago because of the ^□bJpnerB’ suggestion th^Cl 
a handbook which dealt with the subject of quantitative ^linica^ehemistpp'ln a 
comprehensive manner was needed. At that time only, a nSddest 3 
scribing various analytical procedures and discussing their .application t 
leal problems was contemplated. Hardly had the worLbegim, before 
it became apparent that a fragmentary or arbitrary discussion of clinical in- 
terpretations would often Indicate only a fraction of the causes which can pro- 
duce a given abnormality, and would fail to provide a logical basis for deducing 
the actual cause in a given case. It appeared that intelligent interpretation 
could be best aided by first presenting the physiological conditions, for trample, 
the normal blood content of a given substance, and by then discussing disease 
effects on such content as the results of quantitative abnormalities in normal 
processes. The appreciation that such an aim could be better realized by 
collaboration between chemist and clinician led to the dual authorship. 

<r Tt was intended to discuss those substances which are of importance in 
clinical medicine and for the determination of which suitable quantitative 
methods are available. Each chapter wei to contain a brief account of the 
physiological rfile of the substance followed by a more extensive discussion of its 
significance in diagnosis and therapy and a description of analytical methods for 
Its determination. The general plan has been followed; but the physiological 
sections have filled more space than the clinical applications. This resulted 
from two reasons: first, because the disease processes are only special ex- 
amples of extreme functional disturbances and second because so little is known 
of the changes in disease of some of the substances considered. Finally ade- 
quate presentation of physiological and pathological conditions required so 


much space that the material became uncomfortably bulky for a tingle volume. 
It therefore seemed best to consign the method*, which had also outgr own all 
exceptations, to a second volume, thu* providing separately a handbook for the 
laboratory and a reference book for the study. 

“Only in a few outstanding instances has more than passing attention been 
given to history, although an attempt has been made throughout to dte original 
work, giving credit for priority where it seemed to be due. The bibliographies 
are, in most cases, generous, but contain few references that are not mentioned 
in the text. The compilation of the important literature of a subject which has 
grown so rapidly seemed to the authors In itself a useful thing. AD the articles 
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have been examined personally by one or other of the authors, with a few un- 
attainable exceptions which are specifically mentioned ; and the references even 
to these have been verified.” 

When the task of writing the book was first undertaken clinical chemistry 
was adolescent Physiological chemistry had concerned itself chiefly with 
overall effects of metabolis m and with certain particular compounds for which 
practical quantitative analytical methods were available. Of these only a 
relatively small number had been adapted and applied to clinical purposes. 
How few these were the chapter headings in the first edition of Interpretations 
testify, because it seemed to the authors roost practical to organise the volume 
according to the available technical procedures. In some in stances the sources 
of these compounds were unknown; the processes by which the majority were 
formed were subjects of inference. The study of intermediary metabolism was 
in its infancy; hormones and vitamins were little more than mysterious vital 
principles. The Hill -Mcyerhnf theory of the chemistry of muscular activity 
stood as a challenging and baffling exploration. The Lipoid chapter, as well as 
any other, marks the primitive state of the systematic knowledge of the time. 
Information about the chemistry and physiology of these essential components 
of food and tissues consisted of the imperfect recognition of a few organic com- 
pounds, a scant knowledge of their digestion and absorption and of their con- 
centrations in blood and tissues under limited conditions. Hie effects of path- 
ological conditions on blood lipids could be uncertainly deduced from isolated 
observations made by analytical techniques of variable, but always question- 
able, accuracy. Although it was generally recognized that ketone bodies origin- 
ated from fatty adds, the manner of their derivation was so much a subject of 
controversy that it seemed better to place them not in the Lipoid chapter but in 
a section with other organic adds with which they had nothing in co mmo n but 
their acidic properties. In this same section a place was given to lactic add, 
although its relation to carbohydrate metabolism was more dearl y recognized. 
Only in the chapters on Carbohydrate, Hemoglobin and Oxygen, and Carbonic 
Add and Add-Base Balance was it found necessary to devote considerable at- 
tention to chemical forces or intermediary processes. 

Hardly had the book appeared before the whole complexion of physiological 
and clinical chemistry changed. When, only a year after its appearance, a 
second printing was made, the authors felt compelled, besides correcting certain 
minor errors to which their attention had been called, to recognize the demise of 
the HHl-Meyerhof theory. This was almost a futile gesture so fast did the revo- 
lution advance. With the discovery of the nature of enzymes and their actions, 
the isolation of hormones and the exploration of intermediary metabolic pro- 
cesses and the forces that control them an entirely new orientation was required. 
That the volume on Interpretations should stiH have a place on bookshelves and 
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readers to move It from tilde to time it both a surprise and a gratification to 
its authors. 

The first edition had occupied and distracted its authors for eight fullers: 
before it was submitted to the public In 1937 a second editionjsrfmedH^ 
only alternative to obsolescence. The latter the authors had t*Sen fiyJOtttd t6 
believe would be unfortunate; there seemed to be a continuW depend for suriT 
a volume as Interpretations. Therefore, with misgiving? bufi^df eiw^C^ 
it was decided to reedit the volume by the same nwthoda^fiKtyed in preparing 
the first A draft of each chapter, written by one of lherphrtnrr|,>TOs 
submitted to the other for criticism and correction, |ridf the kites thai-teaclP, 
chapter would travel back, and forth as its predecease^ bid done pfitfl it Wir^ 
satisfactory to both authors. Meanwhile, however, Both panr^ ^hafac- 
cumulated new responsibilities and preoccupations, while £fdgress in the 
subject of which they wrote became ever more accelerated. It proved neces- 
sary not to reedit but to recompose the text in lolo; hardly a page of the old 
volume could be left. The previous format was no longer appropriate. The 
chapters tended to become marooned and, by the time they were rediscovered, 
were already obsolete. The offices of the authors threatened to become nothing 
but graveyards of dead chapters. An almost simultaneous attack on the 
Methods volume met the same frustration. 

Obviously some more promising procedure had to be found. The decision 
was finally reached that responsibility for the two volumes be divided: In- 
terpretations to be edited by Peters, Methods by Van Slyke. This implies no 
dissolution of the association, but merely a division of labor. The new ar- 
rangement of material was made by joint agreement as more in keeping with the 
development of the subject matter. Neither volume can be considered the 
product solely of its responsible author because the concept of the book is a joint 
achievement built of years of close association. Moreover, ideas and chapters 
had already been exchanged before the division of responsibility. Although 
all the chapters In this first volume of Interpretations were initiated and most 
of them were completed by Peters, marks of Van Slyke will be found in almost 
all 

With the decision to divide responsibility, it seemed advisable to safeguard 
the chemical naivete of the clinical partner by providing him additional scien- 
tific guidance. The rble of mentor his colleague, C. N. H- Tong, consented to 
assume. To him th a nks are due, not only for criticism and advice, sometimes 
actual rescue work, but also for considerable contributions, especially in the 
Carbohydrate chapter. Without his aid the sections on the intermediary 
metabolism of carbohydrate would be sadly lacking in elegance and authority, 
the diagrams would not exist, the sections on the glands of internal secretion 
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would be advanced with leas precision and assurance. But these are only the 
two most prominent features of a debt to one whose patience, interest, en- 
couragement and frankness have made the- burden of editing this vo lum e 
under pr essu re always less intolerable, sometimes a delight. 

Because the subject matter has expanded so rapidly and because it continue* 
to expand at a phenomenal rate, it has beeD necessary to publish Interpretations 
in two volumes instead of one. A single volume would be hopelessly bulky. 
In addition the material covered Is so enormous that the last chapter could 
never have been completed before the first required revision. Hie first volume 
is concerned with overall energy exchanges and the chemistry and metabolism 
of the three major foodstuffs, carbohydrates, lipids and proteins. The chapter 
on Oxygen and Hemoglobin was to have been in eluded but has been deferred 
to the second volume because it could not be prepared in time. Besides this 
chapter the second volume will deal with plasma proteins, water and inorganic 
elements, including iodine. The flirt volume is divided into four parts, cor- 
responding to its four major subjects. The subdivision of these ports into 
chapters has been quite arbitrary, dictated largely by convenience. The 
bibliographies are indecently long. In this respect the authors have followed 
the principles established in the first edition of citing all significant original 
sources. Only when it war impossible to secure the original articles (such 
exceptions are indicated in the text; has any work been cited that lias not been 
personally examined by one or both of the authors. The assembly of the liter- 
ature In the first edition elicited so much favorable comment that the authors 
decided to retain the principle in spite of the intervening accumulation of litera- 
ture. It Is hoped that some to whom the text is unsatisfying may find com- 
pensation in the bibliographies through which they may seek, more gratifying 
expositions. 

To some the scope of the wor k will be disappointing. Certain fields of grow- 
ing importance have been entirely neglected or only touched upon. Hie effects 
of vitamins and enzyme system* have been mentioned, but assays for 
important elements, their metabolism and their concentration* have Dot been 
considered. To have included them would have necessitated an additional 
volume. Moreover, analytical methods for some are subject* of controversy 
and the aignificance of analyses is uncertain. Applications of these procedures 
to clinical problems have barely begun. The authors have had little or no 
experience with them. 

Besides Dr. C. N.H. Long, whose contribution* have already been mentioned, 
the author* are indebted to numerous others for criticism and advice: to Dr. 
Abraham White who read the lipid section* and large parts of the aection od 
protein metabolism and offered Invaluable suggestions; to Dr. Joseph S. Fruton 
who surveyed the chemical sections of several chapters; to Dr. Alfred E. Wil- 
helm! who reviewed the chapter* on Creati n e and Creatinine and Purine* and 
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Pyrimidines. Without the aid of Dr, Evelyn B. Man the clinical sections of 
the chapter on Lipids would have had far less value. Numerous references in 
the bibliography attest the debt owed by the authors to those who have worked 
with them in their departments. There U not room to name all these associates. 
Especially thanks axe due Miss Mary L. Simuline not only for the meticulous 
care with which she prepared the copy and checked and rechecked the bibli- 
ographies, but also for the patience and good humor which she displayed to- 
wards an exacting and capricious author. If errors of format or typography 
appear, they must be attributed only to her inability completely to surmount 
this obstacle. In these efforts Miss Simuline was ably assisted by Mias Made- 
line A. Gallo. For aid in the preparation of the index also, the author is in- 
debted to Miss Simuline. 

It is sincerely hoped that this first volume of the second edition of Inter- 
pretations will not be a disappointment to those who have awaited its ap- 
pearance, and who have so kindly encouraged the authors to repeat their efforts. 
New Haven, Conn. John P. Potib, 

, 1M6. 
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PART I 

ENERGY METABOLISM 




Chapter XJ. \ 
ENERGY META^OI/L^M, 


The term metabolism, in its broadest sense, mdtfd^alfihe chemical reac- 
tions involved in growth, development and maintenance of the nutritive state 
of an individual or animal. The problems of chemistry in physiology and 
rlintrql medicine can be roughly divided into two classes: (1) those that deal 
with the nature and extent of chemical reactions that occur in the body; and 
(2) those which deal with changes in the environment in which these reactions 
occur and the influence of these environmental changes on the reactions. 
Metabo lism is concerned chiefly with the former of these, but the distinction 
between the two is often hard to maintain . The, processes of metabolis m itself 
can be divided into two categories: (1) energy-producing reactions, which 
provide the energy for vital activities; these terminate id oxidative combustions 
and can, therefore, ultimately be measured in terms of the oxygen consumed; 
(2) operative reactions which contribute to these activities the specific qualities 
and direction which make them significant. This chapter aims to review the 
general aspects of the oxidative or energy-producing reactions of the organism 
as a whole and the effect of environment upon them. Operative reactions will 
be considered only so far as is required to establish the setting for the energy- 
p reducing reactions. It is hoped in this manner to make more comprehensible 
subsequent chapters which discuss in detail the individual elements, chemical 
compounds and groups of compounds which play the most important ports 
in the determination of reactions and environmental changes concerning which 
quan tit ative methods and data are available. 

The nature and extent of ch emic al oxidations determine and are in turn 
determined by the activities or expenditure of energy in the organism. Thin 
energy appears in £wo forms, external mechanical work and heat. Because 
of the inefficiency of the muscles as engines, the greater part of the energy ap- 
pears as heat even during muscular activity; during rest it all appears as heat. 
Because it is the result of chemical reactions it should also be possible to es- 
timate energy production from the reagents involved and the end products 
formed. That such estimation is possible was established by Lavoisier, who 
showed that the production of a given amount of COi by either an animal 
or a candle was accompanied by evolution of nearly the same amount of heat, 
thus demonstrating the principle, subsequently further elaborated by Helm- 
boltx, that matter and energy are indestructible. A century later the work 
te rmin ated by Lavoisier’s death on the guillotine was resumed. Through the 
Investigations by Rubner, Pettenkoffer, Atwater and Rosa, Benedict, Lusk, 
DuBois and others it has been demonstrated that the oxygen used, the carbon 
d bride formed and the energy evolved in the oxidation of foodstuffs to CO*, 
HjO and urea are the same whether this oxidation takes place in the body of min 
3 
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Fata vary greatly in molecular structure and, consequently, in caloric value. 
The accepted factor for fat is an average of figures obtained by Stohmann (342) 
for olive oil, fat of animal tissue, and butter fat. Among proteins still greater 
variations exist. Rubner found tie following heat values for 1 gram portions 
of different proteins: casein, 4.4 Calories; tie organic substance of meat, 4.23 
Calories; vegetable prot eins , 3.96 Calories, He chose as a mean value 4.1, 
estimating that the ratio of animal to vegetable protein in the average mixed 
diet would be about 3:2. It is evident that a certain error is involved In the 
conventional procedure of using these factors indiscriminately for the calcula- 
tion of the energy value of all diets. This, however, seldom exceeds the errors 
from other sources that are inherent in all metabolism studies. 

THE HEAT VALUE OT OXYGEN AND OT CARBON DIOXIDE IN THE 
COMBUSTION OT TOOD8TUTT8 

Carbohydrate. A gram molecule of starch (C*HnO»)» weighs 162n grams 
and is burned completely by the addition of 6n molecules of oxygen, 6n X 32 — 

192 

192n grams of Oj. Therefore 1 gram of starch requires — — 1.185 grams of 

oxygen for its combustion. One gram of oxygen, at 0°C. and 760 mm. of Hg 
occupies 0.6997 liter. Therefore, 1 gram of starch is burned by the addition of 
1.185 X 0.6997 = 0.829 liter of oxygen. From the process of combustion 4.18 
Calories of heat result* Therefore, the consumption of 1 liter of O, In the 
combustion of starch produces 4.18/0.829 ■» 5.05 Calories. 

By the same method it is possible to calculate the heat value of the carbon 
dioxide produced In the same reaction. In the case of carbohydrates the 
number of molecules of carbon dioxide produced is the same as the number of 
molecules of oxygen consumed, for 

(CtHoOO. + 6*(Oi) - 6#{COi) + 5*(H«0) 

As equal fractions or multiples of the molecular weights of any two gases occ u p y 
the same volume at standard conditions, the heat value of a liter of CO, is the 
same as that of a liter of Of in the combustion of carbohydrate. It has already 
been pointed out that the caloric value of a gram of glucose, 3.76, is less than 
that of a gram of starch, 4.10. TTie heat value of a liter of oxygen consumed 
or of CO, produced in the combustion of glucose and starch, however, Is iden- 
tical. O, consumed for 1 gram glucose — X 0.6997 — 0.746. — ^ — 

180 0.746 

5 05 — heat value of 1 liter of O*. 

Fat. By s i m ila r methods, the heat values of oxygen and carbon dioxide 
may be calculated for any individual fat from Its constitutional formula. 

1 theac relo ila t iooi Loewis (213) caloric rtlua ire used. See table l sad animation 

b text Wow. 
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or In a bomb calorimeter. The nitrogen of protein is not, to be sure, oxidized 
in the body to HNOj, as it is in a bomb, but yields less completely oxidized 
nitrogen-containing compounds, chiefly urea and ammonia. The energy 
evolved in the change, however, corresponds with that calculated by difference 
from combustion of the foods and of the nitrogenous compounds which are 
excreted. 

The Important sources of energy In animals are proteins, fat, carbohydrate 
and compounds which can be converted Into these substances or their inter- 
mediary metabolic products in the body. The end products of the complete 
oxidation of carbohydrate and fat are carbon dioxide and water; proteins con- 
tain also nitrogen end Ica> important amounts of sulfur and phosphorus which 
are excreted chiefly in the forms of area and ammonia, sulfuric add and phos- 
phoric acid respectively. Of these, carbon dioxide Is excreted almost entirely 
by the respiratory system, the oxidation products of nitrogen, sulfur and 
phosphorus chiefly in the urine, and water in varying amounts through lungs, 
skin and urine. The oxygen required for the oxidation gains access to the 
body entirely through the lungs. 

TEE CALORIC VALUES OT HIE DIFFERENT FOODSTOTTS (110, 219, 326) 

If the calories produced, the oxygen consumed, and the carbon dioxide pro- 
duced hi the oxidation of a given artide of food are known, it is theoretically 
possible to calculate the heat production from either the Oj consumption or the 
COj production. In point of fact this Is the general principle underlying all 
the clinically applicable procedures for the determination of the energy ex- 
pended In the metabolic processes. 

Rnbner (312), whose estimates of the caloric values of foodstuffs are gener- 
ally employed, found that the combustion of 1 gram of carbohydrate yielded 
about 4.1 Calories; 1 gram of fat, 9.3 Calories; and 1 gram of protein, 4.1 
Calories. 1 These values are accurately applicable only to the types of carbo- 
hydrate, fat and protein that predominate in the average mixed diet. In- 
dividual members of any one of these food classes may have quite different 
caloric values. The carbohydrate factor, 4.1, for example, bolds accurately 
for starch; 1 gram of glucose produces only about 3.8 Calories. The difference 
between the two factors depends chiefly on the fact that glucose contains one 
more H*0 group for each 6 carbon atoms. 

Glucose — C*HrtO,; Starch — (C*Hj«CV)* 


i The caloric value of protein can not, like tho*e of fat and carbohydrate be determined 
jimply by bomb calorimetry, becanao certain of the end product* erf protein met*boii*n are 
excreted In tecea and urine Incompletely aridijad. Rnbner (312), therefore, ertimated the 
true calori c value of protein by deducting from the heat of complete cmnlxatioo the cmlwifc 
T iinc of the trwddWed rtridno In feet* and urine. 
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Fata vary greatly in molecular structure and, consequently, In caloric value. 
The accepted factor for fat b an average of figures obtained by Stohmann (342) 
for olive ofl, fat of animal tissue, and butter fat Among proteins still greater 
variations exist Rubner found the following heat values for 1 gram portions 
of different proteins: casein, 4.4 Calories; the organic substance of meat, 4.23 
Calories; vegetable proteins, 3.96 Calories. He chose as a mean value 4.1, 
estimating that the ratio of animal to vegetable protein in the average mixed 
diet would be about 3:2, It is evident that a certain error Is involved in the 
conventional procedure of using these factors Indiscriminately for the calcula- 
tion of the energy value of all diets. This, however, seldom exceeds the errors 
from other sources that are inherent in all metabolism studies. 

THE HEAT VALUE OF OXYGEN AND OF CARBON DIOXIDE IN THE 
COMBUSTION OF FOODSTUFFS 

Carbohydrate. A gram molecule of starch (C*HuO|)e weighs 162n grams 
and is burned completely by the addition of 6n molecules of oxygen, Gn X 32 — 

192 

I92n grains of Oj. Therefore 1 gram of starch requires — — 1.185 grams of 

oxygen for Its combustion. One gram of oxygen, at 0°C. and 760 mm. of Hg 
occupies 0.6997 liter. Therefore, 1 gram of starch is burned by the addition of 
1.185 X 0.6997 — 0.829 liter of oxygen. From the process of combustion 4.18 
Calorics of heat result. 1 Therefore, the consumption of 1 liter of Oi in the 
combustion of starch produces 4.18/0.829 — 5.05 Calories. 

By the same method it is possible to calculate the heat value of the carbon 
dioxide produced in the same reaction. In the case of carbohydrates the 
number of molecules of carbon dioxide produced is the same as the number of 
molecules of oxygen consumed, for 

(C^.00. + 6*(Oi) - 6#(COx) + 5*(H*0) 

As equal fractions or multiples of the molecular weights of any two gases occupy 
the same volume at standard conditions, the heat value of a liter of COi is the 
same as that of a liter of Oi in the combustion of carbohydrate. It has already 
been pointed out that the caloric value of a gram of glucose, 3.76, is less than 
that of a gram of starch, 4.10. The heat value of a liter of oxygen consumed 
or of COj produced in the combustion of glucose and starch, however, is iden- 
tical, Oj consumed for 1 gram glucose — X 0.6997 — 0.746. ^133 _ 

180 0.746 

5 05 — heat value of 1 liter of O*. 

Fal. By similar methods, the heat values of oxygen and carbon dioxide 
may be calculated for any Individual fat from its constitutional formula. 

* For the» calculation* 'Ltxwj’% (213) caloric Tilue* are taed. Sc* table 1 and animation 
tn tat below. 
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These figures arc not, however, applicable to fats found in foods, whkh'afe 
mixtures of several fats of different composition. For this reason Lehmann, 
HflUcr, Hunt, Senator and ZunU (201) adopted another procedure. One 
gram of lard, a representative edible fat, according to their analyses contained 
0.765 gram of C, 0.119 gram of H and 0.116 gram of Oj. From this analysis 
the heat value of oxygen and of carbon dioxide can be estimated. In order to 

convert all the H to water, HiO, y X 0.119 — 0.952 gram of Oj are required. 

Of this 0.116 is provided by the fat itself and only 0.952 — 0.116 — 0.836 gram 
must be obtained from extraneous sources. To convert all the C to COj, 

32 44 

— X 0.765 — 2.040 grams of O, are needed and, by means of this, — X 2.040 

■- 2.805 grams of COj are formed. For complete combustion of 1 gram of lard, 
then, 0.836 -f~ 2.040 — 2.876 grams of O* must be consumed and 2.805 grams 
of CO* are produced. 2.876 grams of Oj — 2J176 X 0.6997 — 2X119 liters, 
and 2.805 grains of COj — 2.805 X 0.509 — 1.427 liters. 3 As the combustion 
of a gram of fat produces 9.46 Calories, the beat value of a liter of Oj In the 

946 9 46 

combustion of fat — 2^19 "* C&Iorks; and that of a liter of CO* — m 

6.63 Calories. 

Estimations of the same values from the constitutional formulae of the 
various fats which predominate In ordinary diets give similar results. 

Protein. The problem of obtaining factors for the estimation of the heat 
values of oxygen and carbon dioxide in the combustion of protein is compli- 
cated by the fact that the end products of the oxidation of protein are largely 
excreted in the urine. Loewy (213) found that 100 grams of meat protein 
contained 52.38 grains C, 7.27 grams H, 22.68 grams Oj, 16.65 grams N and 
1.02 grams S. Of this he estimated that there was eliminated in the feces and 
urine 10.877 grams C, 2.875 grams H, 14.988 gtams O*, 16.65 grains N and 
1.02 grams S; leaving 41.50 grams C, 4.40 grams H, 7.69 grams O*. To oxldixe 
this completely to CO* and H*0 138 3. grams of 0* must be provided from ex- 
traneous sources to form 152.2 grams of CO*. One gram of protein, therefore, 
is burned with the consumption of 1,382 X 0.6997 — 0.9668 liter of Oj, to 
produce 1J>22 X 0.5089 — 0.7745 liter of COj. If the caloric value of 1 gram 
of protein is 4^16, the heat value of a liter of 0» in the combustion of protein 

h IJi? - 4.463 Calorics; that of a liter of CO, fa - 5.572 Caloric. 

Of the total nitrogen excreted from 100 grams of protein, Loewy computed 
that 16228 grams were eliminated in the urine. Therefore, for every gram of 

* The facto r for axi rti tln g gnu* of CO, to Eton — CX50B9. 
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urinary nitrogen . derived from protein “ 5.940 liters of oxygen were 
77.45 16.2* 
consumed, and — - *=- 4.758 liters of COj were produced. 

16.2o 

RESPIRATORY QUOTIENTS 

It is possible from a knowledge of oxygen consumption and carbon dioxide 
production, to estimate, within certain limits, not only the heat produced 
by an animal, but also the nature of the food mixture from which this heat was 
derived. From the discussion in the preceding section It is evident that the 
ratio of carbon dioxide produced to oxygen consumed, the respiratory quotient, 
or R.Q., differs according to the character of the foodstuffs burned. 


TABLE 1 


Caloejc Value or Foonrrurr* 



Oi«- 

9 


ciLanu 

cuoaiti 





Rnb»*r 

Lo*wy 

O. 

CO, 

Protdn 

a, 

966.3 

773.9 

0.801 

4.10 

4.316 

IUUT 

4.485 

I ItUr 

5.579 

Urinary nltrojen 

5,939.0 

4,757.0 

0.801 

25.63 

26.54 

4.485 

5.579 

Kit 

2,019.3 

1,427.3 

0.707 

9.3 

9.461 

4.686 

6.629 

SUrdi 

828.8 

828.8 


4.1 

4.182 

5. 017 

5.047 


The value of R.Q. is conventionally expressed in terms of volume of COj pro- 
duced ’.volume of oxygtn consumed. A volume ratio is preferable to * weight 
ratio, because the former is equivalent to a molecular ratio, since a gram 
molecule of either gas occupies the same volume under Identical conditions of 
temperature and pressure. 

From the figures given in the last section the respiratory quotients of the 
different foodstuffs can be calculated. When carbohydrate is burned, one 
molecule of carbon dioxide Is produced for each molecule of oxygen consumed. 
Therefore, the R.Q. must bo 1.00. In the combustion of lard 2.019 liter* of Qj 
weit consumed with the production of 1.427 liter* of COj, giving a R-Q. of 
1 .427 

"" 0.707. In the combustion of protein 0.966 liter of oxygen yields 0.774 


Uta of CO, with • R.Q. of - 0.801. 

0.966 

Table 1 gives the caloric values, Oj consumption, CO, production, respiratory 
quotients, and heat values of oxygen and carbon dioxide for carbohydrate, fat 
and protein.. Duplicate set* of figures are given for caloric values. The second 
set U that commonly employed for the calculation of metabolism experiments 
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and was originally derived by Loewy (213). Comparison of these values with 
those given in the preceding column reveals definite discrepancies. The figures 
and calculations In the preceding section were taken chiefly from Rubner (312) 
and are generally used In the computation of the caloric values of diets. The 
employment of two different sets of factors in the calculation of different aspects 
of the same metabolism experiment introduces an undesirable and unnecessary 
inconsistency. As these sections of this chapter are intended less as a treatise 
on metabolism, than as a guide to the reader who may desire to understand the 
literature on the subject, no attempt has been made to correct the discrepancies. 

COMPLETE CALCULATION OF RESPIRATORY METABOLISM 

If, in the processes of metabolism, only one foodstuff is burned, the heat 
produced can be easily estimated from the beat value of oxygen or of carbon 
dioxide. If a mixture of foodstuffs is burned, the heat value of oxygen and of 
carbon diorlde will vary according to the proportions of different foods oxidised. 
In this case knowledge of either O* consumption or CO* production alone fa not 
sufficient to permit exact calculation of energy expenditure. For example, If a 
liter of oxygen were consumed in the combustion of starch, 5.05 Calories of heat 
would be produced; but the same liter of oxygen would represent only 4.69 
Calories If fat were burned. With mixtures of fat and carbohydrate oxygen 
would have a heat value somewhere between 5.05 and 4.69 Calories per liter. 

If only lat and carbohydrate were burned, knowledge of the respiratory 
quotients would permit the computation of the relative amounts of each in the 
metabolic mixture. For example, if the metabolic mixture was composed of 
two-thirds fat and one-third carbohydrate, the respiratory quotient would be 
| X 0.71 + 1 X 1.00 — 0.80 and the heat value of a liter of oxygen would be 
1 X 4.686 + i X 5.047 — 4J507. Table 2 gives the values of respiratory 
quotients from mixtures of carbohydrates and fats In varying proportion*, 
with the corresponding heat values of oxygen and of carbon dioxide, after 
Lusk’s (222) correction of the table of Zuntx and Schumberg (383). These 
respiratory quotients ore known as non-prolein respiratory quotients. 

If the metabolic mixture fa composed of all three foods, carbohydrate, fat 
and protein, knowledge of O* consumed and CO* formed will not permit a 
theoretically exact calculation of heat production. In this case the nitrogen 
excreted In the urine must also be measured. From it one calculates the amount 
of protein burned, and hence the O* consumed and CO* formed in combustion 
of protein. Subtraction of these quantities of CO* and O* from the totals 
leaves the amounts Involved in carbohydrate and fat combustion, or the non- 
protein gas metabolism. 

The complete calculation of a metabolism experiment will serve best to 
illustrate the methods employed in the estimation of heat prod action *nd the 
nature of the metabolic mixture. 
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In one boor a man consumed 13,75 liters of Oj and produced 11-55 litem of 
COi and eliminated 033 gram of nitrogen In his urine. 

The Oj equivalent of the nitrogen b 033 X 5.94 — 1.96 liters of Oj, 

The COi equivalent of the nitrogen b 033 X 4.76 — 137 liters of CO*. 

The non-protein oxygen absorption is, then, 13.75 — 1.96 — 11.79 liters. 

The non-protein CO* production b 1135 — 137 — 9.98 liters. 

9$S 

The non-protein respiratory quotient — jyjy ” 0.85. 

The protein calories, calculated from O* — 1.96 X 4.485 — 83 Calories. 

The non-protein calories, calculated from Oj — 11.79 X 436 — 573 Calories 
(see table 2). 

Therefore, the total heat production per hour — 66.1 Calories. Of this 83 
Calories or 13 per cent were derived from protein; 28.1 Calories or 43 per cent 
were derived from carbohydrate; and 29.2 Calories or 44 per cent were derived 
from fat. 

Generally accepted methods for the determination of total metabolfam may 
be divided Into two chief types: one, direct calorimetry , In which actual heat 
production is measured; the second, indirect calorimetry, in which heat pro- 
duction is calculated, as described above, from the oxygen absorbed and the 
carbon dioxide eliminated by the subject under examination. 

Direct calorimetry. To measure heat production directly the experimental 
subject is enclosed In an air-tight chamber, insulated from changes of environ- 
mental temperature and humidity. In this chamber changes in the tem- 
perature of the subject (that b, in the heat retained) and In the heat eliminated 
from the body are measured. Heat b eliminated partly by vaporization of 
water from the skin and the expired air, partly by simple radiation from the 
surface of the body, both of which must be separately measured. Vaporization 
b estimated by collecting and measuring the water eliminated by lungs and 
skin; radiation, by measuring the increase of the temperature of the calorimeter. 

Direct calorimetric studies, besides affording a necessary proof of the ac- 
curacy of indirect methods, give information concerning the heat regulating 
mechanism which can not be obtained from indirect methods. The direct 
method b, however, impracticable for general Hinlral or physiological studies 
because of the cost of installation and maintenance of apparatus, the time and 
assistance required in its use, and the restrictions it imposes on patients. 

Indirect or respiratory calorimetry. Atwater, Benedict, Lusk and DoBob 
and their associates (109, 219), by comparisons of direct and indirect calo- 
rimetry under a variety of conditions, have established the fact that the energy 
production of both animals and man can be accurately estimated from measure- 
ments of oxygen consumption and CO* production. Apparatus employed for 
these measurements is of two general types, the so-called "dosed” and "open 
circu it 1 ’ machines. 
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In the open types air, inspired by the subject from the outside atmosphere, 
is spired into an appropriate receptacle for a given period, at the end of which 
the collected expired air Is measured and analyzed for oxygen and carbon 
dioxide. In the closed types of apparatus the subject rebrcathes continuously 
air enriched with oxygen, which is made to circulate through the apparatus 
and from which the carbon dioxide produced and the oxygen absorbed are 
measured gravimetrically or volumetrically. 

Under certain standard conditions described below in the section on Basal 
Metabolism, heat production can be estimated from oxygen consumption alone, 
with the assumption that the respiratory quotient is relatively constant. It 
must be emphasized that techniques which permit the measurement of oxygen 
consumption alone arc applicable only to the determination of basal me- 
tabolism. 

(For a detailed description of acceptable methods see the chapter on Respira- 
tory Metabolism in the Volume on Methods.) 

Because carbon dioxide can be measured more easily and accurately than 
oxygen, instrument* which axe intended to measure basal metabolism by deter- 
mination of carbon dioxide production alone have, from time to time, been 
recommended (186, 187) and put on the market. There arc, however, cogent 
reasons for believing that CO* output is inherently leas reliable than O, intake 
for the estimation of basal metabolism. From table 2 It can be seen that, 
with a given change of R.Q. the caloric value cf a liter of CO, changes about 
four times as much as does the caloric value of a liter of Q,. Hence a deviation 
of the subject’s R.Q. from the assumed R.Q. wiD cause more error in the met- 
abolic rate if this is calculated from the CO* output. Secondly, because of the 
nature of the chemical combinations in which carbon dioxide exists m the body, 
its elimination can be influenced by changes in the add-base equilibrium of the 
organism and by respiratory disturbances unrelated to metabolism. This is 
far less true of oxygen. For these reasons methods dependent upon the meas- 
urement of COj alone have not been accepted by the most meticulous workers. 
In fact, even when both oxygen and carbon dioxide are measured, the former 
is used for the calculation of heat production. 

Recently Pool ton (292) has advanced a new argument for the use of COj. 
In analyzing data from experiments of Benedict and Carpenter and DuBois 
in which direct and Indirect calorimetry were compared, he discovered that the 
two methods agreed closely only when the R.Q. was about 0.785. At lower 
R-Q.'s heat production estimated from oxygen consumption exceeded the heat 
production directly measured; at higher R-Q.’s there was a discrepancy of 
opposite sign. From the same data Poulton found that whereas the oxygen 
consumption bore this variable relation to the heat determined by direct 
calorimetry, CO, production bore a fairly constant relation. He concludes 
that the R.Q’« of normal persons do not denote the proportions of fat and 



12 


ENERGY UEXABOUSU 


carbohydrate oxidized. He postulates a combustion mixture containing fat 
and carbohydrate in constant proportions of 1.3 grams fat to 1.0 gram carbo- 
hydrate. Fluctuations of the R.Q. he attributes to conversion of variable 
amounts of carbohydrate to fat (elevating the R.Q.), and of fat to carbohydrate 
(depressing the R.Q.). COi production he supposes remains constant and 
proportional to heat production, while oxygen varies according to the quantities 
utilized for these conversions. Poulton’s proposal, built on few selected data 
secured in the postabsorptive state, 4 would destroy at one strobe a structure 
based on much more extensive evidence derived not only from studies of 
respiratory metabolism, but by a variety of other methods. It postulates 
conversion of fat to carbohydrate, for which there is no adequate proof. Poul- 
ton confines himself to consideration of normal postabsorptive metabolism. 
If a constant metabolic mixture were consumed under these circumstances 
and no others, normal and abnormal metabolism would be so sharply differ- 
entiated that measurement^ the respiratory exchange would be of no value 
in the study of disease or disordered physiologic states. 

Estimation of metabolism from evaporation of water 

If the mean temperature of the body Is to remain constant, as it does in 
ho mo thermic animals, heat production and heat dissipation must be equal. 
Therefore, so long a* the body temperature remains constant. It Is possible to 
determine heat production by the measurement of heat 'loss. The latter Is 
effected by vaporization of water from akin and expiratory air and by radiation 
from the surface of the body. Under conditions of basal metabolism it has 
been found by Soderstrom and DuBcis (333) and confirmed by others (158, 
205) that in the average subject approximately 24 per cent of the total heat 
lost from the body escapes by evaporation of water from the lungs and dry skin. 
Evaporation of 1 gram of water at 37° absorbs 0.581 great calory of heat. If, 
then, a subject in the basal state is losing 0.24 per cent of the calories produced 
by vaporisation of water, it is possible to estimate the metabolic rate from the 
insensible perspiration — that is, the water lost through skin and respiratory 
passages without obvious activity of the sweat giands. The total energy 

production is or 4.16 Calories for each Calory lost from the body by 

4 Rosenbaum (310) In an analysis of the urns data found that the systematic error to which 
Ponltcn at t ached s i gni fi cance appears In the studies of only 2 of the 3 subjects of 
and Carpenter*! experiment* In the ohaerratians on theee 2 subjects energy-production, 
as measured by roplratoty rrrhinge, b quite constant, whDe heat elimination, aa n*a*tred 
by direct calorimetry, b consistently higher In Initial periods than It b in subsequent periods. 
Thb suggests a systematic error In the direct procedure, p res uma bly In the measurement of 
changra of mean body temperature. The E_Q. decrease* prugnasbcly In the course of each 
experiment as fasting b prolonged- For this reason the dberopandes between the two meth- 
ods appear to be correlated with the R.Q. Examination of other data from h mnm, ^ 
anhnab rortakd no aach correla t i on (264, 310). 
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evaporation, and each gram of water vaporized absorbs 0.581 Calory of heat. 
Therefore 

0) ToUl Criories- 4.16 X 0.581 XIW 

- 2.42 X IW 


IW represents grams of water in insensible perspiration. 

Estimation of metabolism from insensible perspiration 

"Insensible perspiration” is defined as the loss of body weight not referable 
to excreted urine and feces, under conditions in which sensible sweating does 
not occur (33). It comprises the weight lost by way of the skin and lungs, 
which consists of evaporated water, and the difference between CO, lost and 0, 
absorbed. The relation of the total weight k*t by insensible perspiration, IL, 
to the water lost in the insensible perspiration, I\V, is represented, then, by the 
equation, 

(2) IL - IW + (CO, - Od 


in which all values are expressed in grams. 

Whereas the evaporated water, IW, am be measured only by highly com- 
plicated procedures such as those employed in the methods for direct calo- 
rimetry, the total insensible perspiration can be measured by merely comparing 
the intake of food and fluids with the output of urine and feces and the change 
of body weight. 

Calculation of basal metabolism from insensible perspiration. If it is assumed 
that the R.Q. is 0.82 and if the slight effect* of protein are neglected, with the 
aid of the factors in table 2 it can be calculated that 1/4.825 or 0.207 liter of 
oxygen art consumed and 1/5.883 or 0.170 liter of CO, are produced for each 
Calory of heat liberated. The gravimetric equivalents are 0.296 gram of O, 
and 0.334 gram of CO,. From equation 1 the weight of insensible water, IW, 
per Calory of heat produced is 1/2 J4 or 0.413 gram. Substituting these values 
in equation (2). 

IL - 0.413 + 0.334 - 0.296 - 0.431 


Whence the heat produced per gram of insensible perspiration lost is or 
2221 Calories and 


CJ) Total Calorie, - 2.21 X IL 

Calculation for other than basal conditions. For these conditions, with any 
R-Q'i Johnson and Newburgh (179) proposed a method of calculation based 
upon the following assumptions: first that the quantity of prater vaporized from 
skin’ and It mgs bears a constant relation to heat production; second, that all 
carbohydrate which is ingested is burned; third, that urinary nitrogen provides 
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an accurate measure of protein metabolism. The calculation procedures in- 
volved have been simplified into the following equations (200, 283, 286) 

(4) IL - (W» - Wi) + (w, - w.) 

In which Wj, Wj, w f and w, represent, respectively, initial and final body 
weights and weights of intake and excreta. 

(2) IW — IL — (CO, - oo 

(5) WB - (HfO/ - HjOJ + (HAi - IW) 

in which WB Is the water balance, HjOi and HjO, the amounts of water in the 
food and the excreta respectively and HjO« the quantity of water produced 
In the oxidation of the food mixture consumed. By combination of these three 
equations ' 

(6) WB - (W. - Wi) + (w. - w,) + (11,0/ - IfiO.) + (HjO*. + CO, - O0 

Wi — Wi represents the weight balance, while w — HjO, the weight of intake 
or excreta minus water, represents solkis. Furthermore, from the values of 


TABLE 3 

Waxxa awd Gas ExoiAJtox ut imc Comumcw or Foomtutts 


a* dux or toMun 

Oiiimn* 

CCb roamo \ 

' HjO Town 


trmu 

1.382 

1.522 

tnmi 

0.396 

Fat. 

2.876 

2.805 

1.071 


1.185 

1.629 

0.536 



oxygen absorbed and carbon dioxide and water formed in the combustion of 
foodstuffs (see table 3), it will be seen that HjOw + COj — O* is, for fat 1.0, 
for carbohydrate 1.0 and for protein 0.54. This term, therefore, becomes 
C -f- 0.54 P + F, in which C, P and F represent, respectively, the grams of 
carbohydrate, protein and fat burned. The previous equation, therefore, 
becomes 

(7) WB - (W.-W0 +(S,-y + (C + 0.MP + I) 

WaUr fatnu* “ baLnct + Sdils Ust + F*od btnud. - 

Of these terms change of body weight may be determined on an accurate 
balance ; the solids of intake and excreta may be measured by weighing food, 
drink, urine and feces before and after the water has been driven off. The food 
burned, however, can be estimated only by indirect methods: P from the 
nitrogen excreted, C from the carbohydrate ingested, and F by subtracting the 
calories derived from the protein and carbohydrate from the total calories 
expended. This last is calculated from the insensible water lot* by equation (1), 











( 1 ) 

From tabic 3 


ENERGY UETABOLISU 


15 


Cak. - 2.42 IW 


CO, - 0, - 0.42 C + 0.14 P - 0.07 F 


and 


C.U.- 4.1C-M.1P + 9.3F 

If all these values are substituted for their respective terms in equation (2) 


IL - + ^ + 9 — + 0.42C + 0.14P - 0.Q7F 

- 2.12C + 1.6PP + 3.78F 


or (8) 


IL - 2.12C - 1.69P 
3^8 


The complete determination of water balance or total metabolism, therefore 
involves the following steps: 

1. Weighing the subject at the beginning and close of the experimental period. 

2. Weighing all fluids and food taken by the subject and all the excreta. 

3. These measurements give the data required for calculation of the insensible 
loss of weight by equation (4). 

4. Estimating the carbohydrate content of food from dietary tables or by 
analysis. 

5. Analyxing the excreta for nitrogen. 

6. With the assumption that all carbohydrate eaten is burned and that 
protein oxidized is equal to nitrogen excreted X 6*25, fat consumed can 
be calculated by means of equation (8). 

7. For the estimation of the water balance by equation (7) the weights of 
dried substance of intake and excreta must also be determined. 

As a means of estimating basal or total metabolism, measurement of insensible 
perspiration ii far less reliable than respiratory or direct calorimetry. It has 
the advantage, however, of wide applicability because of -the relatively simple 
apparatus and procedures required. It has been employed for the determina- 
tion of basal metabolism by several observers (33, 78, 181), and has been applied 
by Newburgh and his collaborators (179, 268) to the estimation of the total 
energy consumption of subjects engaged in the light activities of ordinary life. 

Although the average normal subject under basal conditions loses 24 per cent 
of the total heat produced by evaporation of water, the deviations from this 
average are large even in health and may become larger in disease (142, 200, 
333). If the body temperature of the subject changes during the examination 
an error is Introduced, since any change of temperature indicates an inequality 
between heat produced and heat lost. Sensible perspiration entirely invali- 
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dates the procedure. Sweating is a physiological process alined to increase 
heat lots by evaporation. When active sweating begins, the proportion of 
heat lost by evaporation may increase quite rnpkhy (136, 377). In addition 
sweat may fall from the body or be absorbed by clothes and bedding, thus 
escaping vaporization on the body. Water thus lost as liquid from the akin 
has no value in the elimination of heat 

When the method is applied to the measurement of total metabolism It is 
subject to the same sources of error. In addition HeDer and Schwartz (158) 
found, from a statistical analysis of all published experiments in which both 
total heat production and water of vaporization were measured directly, that 
when heat production exceeded 2200 calories the proportion of beat lost by 
vaporization fell below 24 per cent This is not more than 50 per cent higher 
than the normal basal rate. DuBois and Hardy (111) also found that alight 
exercise, such os shivering or pretended shivering, altered the proportions of 
heat lost by vaporization, radiation and convection. 

In calculations of the total metabolism from insensible perspiration there are 
certain other sources of error. The' estimation of the food value and the 
measurement of the solids of the ingesta are subject to considerable error (200). 
The assumption that all carbohydrate that is eaten is immediately burned is 
not entirely consistent with the facts. In spite of these difficulties the method 
has proved useful for the measurement both of water balance and energy ex- 
penditure during physiological experiments on selected subjects (180) under 
controlled conditions. It is of little din leal value. 

For more extensive discussion of the subject see Lavietes (200) and Peters 
(283, Chap. VII). 

THE IN TE R CH ANGEAB IT . TT Y AND STORAGE OX D1T7EKENT TOODSTUTFS 

Conversion of carbohydrate to fai (219) (see also chapter on Carbohydrate 
Metabolism). Carbohydrate* and fat may be used Indiscriminately for the 
production of heat and energy. If, at any time, more carbohydrate becomes 
available than can be used for immediate combustion, the excess may be stored 
in the body for future use. The amount of this that can be laid up in the liver 
and other tissues as glycogen is, however, limited. 

Amounts of carbohydrate in excess of the glycogen capacity can only be 
stored after they have been converted to fat During such conversion respira- 
tory quotients may rise above unity, in animals as h i gh as 1.3 or 1.4, because a 
substance rich in oxygen is converted into one which is relatively poor Lq oxygen. 
The conversion also involves the expenditure of a certain amount of energy. 
Evaluations of the energy expenditure and the respiratory quotient of the 
conversion have been made by a variety of methods that involve the assump- 
tion of intermediate reactions, although these axe unknown, and the estimation 
of the heat value of the so-called “extra COi” evolved (219). The general 
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order of magnitude of these values can, however, be estimated more easily by a 
direct method, based on the chemical composition and the caloric value of fat 
and carbohydrate. It is assumed that any extra energy required for the 
conversion is derived from the combustion of carbohydrate and that carbons 
not directly utilised for formation of fat are oxidized to carbon dioxide. The 
formation of tristearin from glucose may be selected as an exam ple, because 
this will require greater energy expenditure and will yield a higher respiratory 
quotient than will any shorter add or the conversion of starch. 

1 gram molecule of tristearin, CjjHntO* *■ 890 grams. 

9J gram mob. of glucose are required to provide the carbons to form distea- 
rin “ C» 7 HihOjj — 1710 grams. 

The caloric value of 890 grams of triatearin * 890 X 9-3 ™ 8270 Cals. 

The caloric value of 1710 grams of glucose 1710 X 3.8 ~ 6498 Cals. 

This leaves a deficit of 8270 — 6498 ■» 1772 Cab. 

Therefore, to form 1 gram mol. of triatearin, in addition to the 9.5 gram 
mob. of carbohydrate required to provide the necessary number of carbons, 
enough glucose must be consumed to furnish an extra 1772 Calories. The 
caloric value of 1 gram moL of glucose — 180 X 3.8 — 684 Calories. The 
number of molecules of glucose required for extra energy production, is then 
1772/684 - 2.6. 

This means that for each moL of glucose converted to triatearin 2. 6/9,5 — 
0.27 additional moL must be burned, or 1 extra mol. for each 3.7 mob. con- 
verted to triatearin. The problem can be stated in another manner. If the 
caloric values of 1 gram moL of tristearin and glucose, respectively, are 8270 
and 684, then 8270/684 ”* 12.1 mob. of glucose will be required to produce the 
Calories produced by 1 moL of triatearin; but only 9.5 mob. of glucose are re- 
quired to provide the carbons for 1 moL of tristearin. 

These are minimal figures for the energy expended in the conversion. They 
evaluate within the accuracy of the factors used, however, the deficit of heat 
in the transformation, if nothing but carbohydrate b involved, because the 
extra heat spent in energizing this transformation will not appear in calorimeter 
measurements, during the transformation. It can not be used for the produc- 
tion of energy immediately; but is stored in the fat to be liberated again only 
when the fat b burned. 

From the structure of triatearin and carbohydrate it is evident that the con- 
version of 9.5 mob. of glucose to 1 mol. of tristearin will involve the loss of 
51 O + 4 H or 2 HjO + 24,5 Oj, without the production of any COj. The 
combustion of the extra 2.6 mob. of glucose will require the consumption of 
about 15,5 mob. of Oj with the production of an equivalent amount of COj 
*nd HjO. The total reaction, therefore, will result in the production of about 
9 mob. of O, and 15.5 mob. of CO*. 

In actual point of fact, of course, elimination of oxygen in excess of COj is 
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dates the procedure. Sweating is a physiological process aimed to increase 
heat loss by evaporation. When active sweating begins, the proportion of 
heat lost by evaporation may increase quite rapidly (136, 377). In addition 
sweat may fall from the body or be absorbed by clothes and bedding, thus 
escaping vaporization on the body. Water thus lost as liquid from the skin 
has no value in the elimination of heat. 

When the method Is applied to the measurement of total metabolism It is 
fubject to the same sources of error. In addition Heller and Schwartz (158) 
found, from a statistical analysis of all published experiments in which both 
total heat production and water of vaporization were measured directly, that 
when heat production exceeded 2200 calorie* the proportion of heat lost by 
vaporization fell below 24 per cent. This is not more than 50 per cent higher 
than the normal basal rate. DuBois and Hardy (111) also found that slight 
exercise, such as shivering or pretended shivering, altered the proportions of 
heat lost by vaporization, radiation and convection. 

In calculations of the total metabolism from insensible perspiration there are 
certain other sources of error. The’ estimation of the food value and the 
measurement of the solids of the Ingesta are subject to considerable error (200). 
The assumption that all carbohydrate that Is eaten Is immediately burned is 
not entirely consistent with the facts. In spite of these difficulties the method 
has proved useful for the measurement both of water balance and energy ex- 
penditure during physiological experiments on selected subjects (180) under 
controlled conditions. It Is of little clinical value. 

For more extensive discussion of the subject see Ijivietes (200) and Peters 
(283, Chap. VII). 

THE INTERCHANGEABILITY AND STORAGE Or DITTERENT TOODSTUTFS 

Conversion of carbohydrate to fat (219) (see also chapter on Carbohydrate 
Metabolism). Carbohydrates and fat may be used indiscriminately for the 
production of heat and energy. If, at any time, more carbohydrate becomes 
available than can be used for Immediate combustion, the excess may be stored 
in the body for future use. The amount of this that can be laid up in the liver 
and other tissues as glytxjgen Is, however, limited. 

Amounts of carbohydrate in excess of the glycogen capacity can only be 
stored after they have been converted to fat. During inch conversion respira- 
tory quotients may rise above unity, in animals as high as 1.3 or 1.4, because a 
subatance rich in oxygen is converted into one which is relatively poor in oxygen. 
The convenkm also involves the expenditure of a certain amount of energy. 
Evaluations of the energy expenditure and the respiratory quotient of the 
conversion have been made by a variety of methods that involve the assump- 
tion of intermediate reactions, although these are unknown, and the estimation 
of the heat value of the so-called “extra CO,” evolved (219). The general 
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order of magnitude of these values can, however, be estimated more easily by a 
direct method, based on the chemical composition and the caloric value of fat 
and carbohydrate. It is assumed that any extra energy required for the 
conversion is derived from the combustion of carbohydrate and that carbons 
not directly utilized for formation of fat are oxidized to carbon dioxide. The 
formation of tristearin from glucose may be selected as an example, because 
this will require greater energy' expenditure and will yield a higher respiratory 
quotient than will any shorter add or the conversion of starch. 

1 gram molecule of tristearin, CrH u »0» «=■ 890 grams. 

9,5 gram moLs. of glucose are required to provide the carbons to form tiistea- 
rin « CjrHmOi? **1710 grams. 

The caloric value of 890 grams of tristearin *■ 890 X 9J « 8270 Cals. 

The caloric value of 1710 grams of glucose “ 1710 X 3.8 “ 6498 Cals. 

This leaves a defidt of 8270 - 6498 - 1772 Cals. 

Therefore, to form 1 gram mol. of tristearin, in addition to the 9.5 gram 
mob. of carbohydrate required to provide the necessary number of carbons, 
enough glucose must be consumed to furnish an extra 1772 Calories. The 
caloric value of 1 gram moL of glucose -* 180 X 3.8 »■ 684 Calories. The 
number of molecules of glucose required for extra energy production, Is then 

1772/684 - 2.6. 

This means that for each moL of glucose converted to tristearin 2. 6/9. 5 — 
0.27 additional moL must be burned, or 1 extra moL for each 3.7 mob. con- 
verted to tristearin. The problem can be stated in another manner. If the 
caloric values of 1 gram mol. of tristearin and glucose, respect ivdy r , are 8270 
and 684, then 8270/684 — 12.1 mob. of glucose will be required to produce the 
Briones produced by 1 moL of tristearin; but only 9.5 mob. of glucose are re- 
Tnrtd to provide the carbons for 1 moL of tristearin. 

These are minimal figures for the energy expended in the conversion. They 
evaluate within the accuracy of the factors used, however, the defidt of heat 
bi the transformation, if nothing but carbohydrate is involved, because the 
Cxtra heat spent in energizing this transformation will not appear in calorimeter 
measurements, during the transformation. It can not be used for the produc- 
tion of energy immediately; but is stored in the fat to be liberated again only 
when the fat a burned. 

From the structure of tristearin and carbohydrate it b evident that the con- 
version of 9.5 mob. of glucose to 1 mol. of tristearin will involve the loss of 
51 O + 4 H or 2 H»0 + 24.5 Oi, without the production of any CO,. The 
combustion of the extra 2.6 mob. of glucose will require the consumption of 
about 15.5 mob. of O* with the production of an equivalent amount of COi 
and H»0. The total reaction, therefore, will result in the production of about 
9 mob. of O, and 15.5 mob. of CO,. 

In actual point of fact, of course, elimination of oxygen in of CO, b 
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never observed. This fa not difficult to understand. The conversion of carbo- 
hydrate to fat is not an energy-liberating, but an energy-consuming process. 
While it is proceeding the energy' needs of the animal must be maintained by 
the synchronous combustion of other fuel which .will have a major influence 
upon the overall respiratory quotient. This can be illustrated by another 
example. 

Let it be assumed that an individual is using 2000 calories per day, of which 
250 is derived from protein, the remaining 750 from carbohydrate. In addition 
enough carbohydrate to make 1000 calories fa used to form fat. 

1750/3.8 — 460 grams of glucose, spent for energy production, requires the 
consumption of 343 liters of Oi and the production of 343 liters of COj. 

1000/3.8 - 263 grams of glucose will Jje used for the formation of fat. Of 
this 55 grams will be burned to provide energy' for the conversion, with the 
consumption of 41 liters of Oi and the production of 41 liters of COj. 

The remaining 208 grams of carbohydrate will produce 108 grams of fat, 
with the liberation of 63.5 liters of Oj. 

The resultant overall non-protein respiratory quotient, then, will be 


«>» 

O, 


343 + 41 
343 + 41 — 6325 


3S4_ 

320.5 


1.20 - R.Q. 


If starch were substituted for glucose In these calculations the respiratory 
quotient would be about 0.06 lower. If tripalmitln were substituted for tri- 
stearin it would be still lower. In any case the estimations serve to indicate 
the order of magnitude of the energy consumption and the respiratory quotients 
that attend the formation of fat from carbohydrate. They also demonstrate 
clearly that even the most rapid production of fat from carbohydrate can not 
raise the overall respiratory quotient far above 1.00. Certainly it can never 
change the sign of the overall respiratory quotient. Nevertheless, the trans- 
formation of itsdf does liberate oxygen; it also causes the storage of energy. 
Consequently, when the conversion of carbohydrate to fat fa proceeding at a 
sufficiently rapid rate to yield a non-protein respiratory quotient greater than 
1.00, neither direct nor respiratory calorimetry fa a true measure of energy 
production and the two can not be expected to agree. However, so long as the 
non-protein R.Q. lies between 0.71 and 1.00, It indicates accurately the net 
destruction of carbohydrate and fat, even If some carbohydrate has been 
transformed to fat during the period of operation. 

From the standpoint of energy-production and the nature of the fuel con- 
sumed by the body it fa a matter of complete indifference whether carbohydrate 
fa burned directly or after intermediate conversion to fat. Furthermore, be- 
cause the respiratory quotients of the two processes are identical, there fa no 
means of distinguishing them. From the standpoint of physiology, however, 
great significance attaches to the fact that there are alternative routes for the 
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metabolism and combustion of carbohydrate. The assumption that only gross 
excesses of carbohydrate are converted to fat arises from the general doctrine 
that fat in the storage depots is relatively inert material, mobilized only when 
it is required to serve as fuel. This static concept of tissue fat is untenable, 
since Schoenheimer and Rittenberg (321) have shown that there is a constant 
and rapid exchange of fatty acids in the fat depots. It is highly probable that 
some carbohydrate is at all times converted to fat and that the metabolism of 
carbohydrate through this channel becomes accelerated under certain physio- 
logic or pathologic conditions not necessarily connected with the provision of 
excessive quantities of carbohydrate. In no other manner could the well fed 
animal, receiving large amounts of carbohydrate at intervals during the day, 
spread the utilization of this food over the whole 24 hours. The capacity of the 
glycogen stores in the liver is altogether too limited. The fat depots are, 
however, highly distensible. By means of heavy water Stetten and Boxer 
(339a) have recently shown that when a well-fed rat is given glucose, the major 
part of the sugar which is not burned directly is converted to fat, not to glyco- 
gen, before combustion. The fasted rat, on the other hand, converted a far 
larger proportion of glucose or lactic add to glycogen (50a). 

The site of the conversion of carbohydrate to fat is not definitely known, 
but recent work suggests that the adipose tissue itself is capable of bringing 
about the transformation. Tuerkiscber and Wertheimer (3b 4) have observed 
that when starved rats are placed on a diet rich in carbohydrate, glycogen in 
quantities as great as one gram per cent may accumulate in the adipose tissue 
along with fat for periods up to 4 days after realimentation. They suggest 
that not only can the adipose tissue synthesize glycogen, but it can also effect 
the conversion of this carbohydrate to fat. In a further paper from the tame 
laboratory Mirski (260) reports that the adipose tissue of rats is able to phos- 
pborylyie glycogen to glucote-l-phosphate and to synthesize glycogen from 
tiui ester. The respiratory quotient of adipose tissue, taken from rats after 
carbohydrate feeding and suspended in a glucose-serum medium, averaged 
h25; while even tissue from fasted rats in the same medium yielded an average 
R.Q. of 1.15. Evidently the tissue was able not only to synthesize and oxidize 
carbohydrate, but also to convert a portion of the carbohydrate to fat. Tep- 
perman (353), using a different technique, has come to a similar conclusion. 
He measured, after subcutaneous injection of glucose, the respiratory gas- 
exchange of rats which had been trained to ingest large quantities of a carbo- 
hydrate-rich diet in the short space of one to three hours. The average respira- 
tory quotient was 1.25, which fell to 0.95 after evisceratkjn, but rose again to 
1.16 when insulin waz injected. Evidently the "peripheral tissues were able to 
convert a portion of the Injected glucose to fat, provided an adequate rate of 
carbohydrate oxidation was maintained. 

It has been rather generally assumed that if less carbohydrate is fed than is 
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never observed. This is not difficult to understand. The conversion of carbo- 
hydrate to fat is not an energy-liberating, but an energy-consuming process. 
While it is proceeding the energy needs of the animal must bo maintained by 
the synchronous combustion of other fuel which .will have a major influence 
upon the overall respiratory quotient. This can be illustrated by another 
example. 

Let it be assumed that an individual Is using 2000 calories per day, of which 
250 is derived from protein, the remaining 750 from carbohydrate. In addition 
enough carbohydrate to make 1000 calories is used to form fat 

1750/3.8 — 460 grams of glucose, spent for energy production, requires the 
consumption of 343 liters of O! and the production of 343 liters of COj. 

1000/3.8 — 263 grams of glucose will used for the formation of fat. Of 
this 55 grams will be burned to provide energy for the conversion, with the 
consumption of 41 litem of Oj and the production of 41 liters of COj. 

The remaining 208 grams of carbohydrate will produce 108 grams of fat, 
with the liberation of 63.5 liters of Os. 

The resultant overall non-protein respiratory quotient, then, will be 


CO* 

o. 


343 + 41 
343 + 41 - 63 j 


334 

320J5 


Up - R.Q. 


If starch were substituted for glucose in these calculations the respiratory 
quotient would bo about 0.06 lower. If tripolmitin were substituted for tri- 
stearin it would be still lower. In any case the estimations serve to indicate 
the order of magnitude of the energy consumption and the respiratory quotients 
that attend the formation of fat from carbohydrate. They also demonstrate 
clearly that even the most rapid production of fat from carbohydrate can not 
raise the overall respiratory quotient far above 1.00. Certainly it can never 
change the sign of the overall respiratory quotient Nevertheless, the trans- 
formation of itself does liberate oxygen; it also causes the storage of energy. 
Consequently, when the conversion of carbohydrate to fat fa proceeding at a 
sufficiently rapid rate to yield a non-protein respiratory quotient greater than 
1D0, neither direct nor respiratory calorimetry fa a true measure of energy 
production and the two can not be expected to agree. However, so long u the 
non-protein R.Q. lies between 0.71 and 1.00, it indicates accurately the net 
destruction of carbohydrate and fat, even If some carbohydrate has been 
transformed to fat during the period of operation. 

From the standpoint of energy-production and the nature of the fuel con- 
sumed by the body it fa a matter of complete indifference whether carbohydrate 
fa burned directly or after intermediate conversion to fat. Furthermore, be- 
cause the respiratory quotients of the two processes are identical, there fa no 
means of distinguishing them. From the standpoint of physiology, however, 
great significance attaches to the fact that there are alternative routes for the 
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tion of the case for the conversion of fat to carbohydrate tbe-ir«det.i%^ errc ^ 
to a review by Soskin (335). C rh\, 

Conversion of protein to carbohydrate and fef (l_Q9,;xlO, 219jL3£^C^ 3^nce 
receiving solely or almost entirely 'protfejri can maiptafa ,pr ydveil re- 
pl enlih their stores of glycogen and fat, can’he infeiT^ihuiat^protph'^u be 
converted to both fat and c&rbohydray jf/ ^ 

The starved or meat-fed dog which h re£deredd<$tally diabetic b^nloriain 
or by removal of the pancreas, ercrea*s gfucpse andmjt^ge^jj^wportions 
that approach a comparatively fixed value. 'll ’'the unngjjp^jfucose is all de- 
rived from protein and no carbohydrate can^Lt bTEif^this ratio of urinary 
glucose to nitrogen, the G:N ratio, will serve as a measure of the quantity of 
carbohydrate derived from protein. In early experiments Lusk (219) and bis 
associates found that after phloririn the G:N ratio of the starving or meat-fed 
dog reached a maximum of about 3.65. On the assumption that all the sugar 
was derived from protein and that the highest attainable ratio would represent 
conditions under which the greatest possible amount of carbohydrate was 
3.65 

produced, it was estimated that (6.25 is the factor to convert nitrogen to 

protein) or 58 per cent of protein could be converted to glucose. It is now 
generally believed that this estimate, for a long time widely accepted, is proba- 
bly too high. It has been repeatedly noted, since the earliest studies of Min- 
kowski, that the G:N ratio of the depan crcatized dog seldom exceeds 2.8 to 3.0. 
There is no a priori reason to believe that removal of the pancreas gives a less 
severe diabetes than phlorizin does. Moreover, many observer* have been 
unable to reproduce with phlorizin such high ratios as Lusk reported. Even 
the ratio of 2.8 to 3.0 of the depancrea tired dog may be an over-estimation 
since, as Shaffer (322) pointed out, part of the glucose excreted by the diabetic 
dog, whether phlorizinixed or depancrea tired, is presumably derived, not from 
protein, but from the glycerol of fat which is burned at the same time. Shaffer 
suggested, on the basis of the earlier estimates, that this would reduce the G:N 
ratio from 3.65 to about 3.00, which would mean that only 48 per cent of pro- 
tein could be converted to glucose. If the overall ratio is reduced from 3.65 
to 3.00, correction for glycerol of fat would bring it still lower, just how much 
lower it is impossible to say. When all the available evidence is weighed, no 
precise mathematical definition appears to be warranted. It is necessary at 

BeJoc* these ccmchafora on be accepted tie observatitcs must be confirmed *nd subjected 
to analyst by other methods. Certain metabofic practice* arc known to proceed step-wise. 
Fot example, fatty adds art converted to the Brer to ketooes, which art homed In the muse lea. 
The respiratory quotient of ketnoe formation Itself b extremely low. Therefore, If the pro- 
docth® of ketemea for a time greatly exceeded their oridatk®, the respiratory quotient might 
f^below 0.71; it could not fall as low u 0J unlesa metaboEsni la all tissues except Brer 
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needed for the energy requirements of metabolism, it fa burned in preference to 
fat It has also been assumed frequently that if an individual is given sufficient 
carbohydrate, fat and protein to meet his metabolic demands, he will burn the 
food given rather than his own tissues. These assumptions are not always 
valid. Richardson and M ason (301), by means of the respiration calorimeter, 
determined the quantities of endogenous protein, fat and carbohydrate oxidized 
by diabetic patients at rest When this endogenous diet was replaced by an 
identical food mixture with the addition of considerable quantities of fat, 
respiratory quotients indicated that the patients often oxidized more protein 
and carbohydrate and less fat than they received. In other words they burned 
protein and carbohydrate derived from their own tissues and utilized a portion 
of the dietary fat for storage. When, because of the absence of carbohydrate 
from the diet, the glycogen of the liver fa reduced and the conduct of metabolism 
fa taken over by protein and fat, oxidation of carbohydrate becomes greatly 
retarded. Under these conditions, if carbohydrate fa administered its oxidation 
is not immediately accelerated. For a distinct intervnl the load of metabolism 
continues to be borne by protein and fat, while carbohydrate fa stored as 
glycogen. A similar sequence of events seems to follow the restoration of the 
ability to burn carbohydrate in the diabetic animal Likewise, when carbo- 
hydrate fa removed from the diet, protein and fat do not take over the whole 
load until liver glycogen fa greatly depleted. 

Conversion of fat to carbohydrate (109, 110, 219, 322, 335, 336, 337). (See also 
chapters on Carbohydrate and Lipids.) Glycerol, fed as such, is quantita- 
tively converted to glucose or can be used for formation of hepatic glycogen 
(76, 96). Experiments by Deuel (96) Indicate that glycerol derived from the 
hydrolysis of fats fa subjected to the same metabolic processes. It fa extremely 
doubtful whether glucose can be formed from the fatty arid fraction of fat. 
The totally diabetic animal excretes In the urine no more glucose than can be 
derived from protein and other known precursors of glucose. Since fat con- 
tains a far sm all er proportion of oxygen than carbohydrate does, the conversion 
of fat to carbohydrate would require the consumption of a relatively large 
amount of oxygen and would yield a respiratory quotient far lower than 0.71, 
that of pure fat. Stadie (336, 337) was unable to detect any evidence of 
glycogen production from fat in the livers of diabetic tnimab, nor was the 
oxygen consumed by these livers sufficient to permit the transformation of fat 
to carbohydrate. Although respiratory quotients below 0.71 have been re- 
ported, their authenticity has been questkmed.* For the most recent p resen tn- 

• Wertbeaeen (372), In continuoci record* of tbe re^jiratoty exchange of rata fed only once 
In 24 boms, observed fluctuation* of R.Q. from as low ae 0-3 to a* hfjh as 1.7 fn the course 
of tbe day, altboujh the average R.Q. for period* of 24 to 30 hoar* lay to the generally ac- 
cepted range. He suggests that over a ibort period the R.Q. may be a measure, oot of tbe 
proportion* of fat and carbohydrate burned, but of intermediate transformative reaction*. 
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insufficient calories in the form of carbohydrate and fat, the deficiencies of the 
diet are supplied from his own tissues. Since the preformed stores of carbo- 
hydrate in the body are limited, after a short time the metabolic mixture 
consists chiefly of protein and fat. By the administration of adequate or 
excessive amounts of carbohydrate, under these circumstances, protein wastage 
may be minimized, although it can not be abolished. Apparently the organism 
utilizes protein, when the supply is limited, as economically as possible, for 
those functions which protein alone can serve, expending it for simple energy- 
production onl\ r when other fuel is not available. In the absence of exogenous 
carbohydrate it is compelled in addition to supply enough glycogen to maintain 
the indispensable operative and energy -producing offices of carbohydrate. 
Fat usually’ need not be provided because it can be secured from the fat depots. 
Even if these are depleted, m inim um nitrogen metabolism can not be attained 
by the administration of fat alone because this can not replace carbohydrate. 
But, if large amounts of fat are available only small quantities of carbohydrate 
are required to achieve a maximum economy' of protein (see chapter on Net 
Nitrogen Metabolism). 

NATURE AND SOURCES OF FECAL MATERIAL 

(See chapters on Carbohydrates, Lipids and Net Nitrogen Metabolism) 

Examination of the feces of any' person reveals the presence of nitrogen and 
ktty acids, amounting, on an ordinary' mixed diet, to about 10 per cent of the 
ingested protein and less than 10 per cent of the fat. A part of the fecal fat 
and protein may represent unabsorbed food products; part is derived from 
intestinal secretions. The nitrogen and the fatty’ acids in the feces remain 
relatively constant when dietary protein and fat are varied. They may be in- 
creased by the addition to diets of roughage, by the presence of diarrhea or 
pancreatic insufficiency, or by the administration of indigestible forms of 
protein or fat. 

Stools contain only minimal quantities of reducing substances. A certain 
proportion of ingested carbohy’drate may' escape absorption to fall prey to 
bacteria and other carbohydrate-fermenting organisms in the intestinal tract. 
The quantity which escapes absorption can not be estimated; but, from me- 
tabolism experiments on phloririnitcd animals, it would appear to be negligibly 
small. 

Whether the nitrogen and fat in stools be looked upon as unabsorbed or as 
excretory materials, they must be taken into consideration in any attempt to 
strike a balance between diet and metabolism. 

THE RELATION OF EXCRETION TO PRODUCTION OF METABOLIC END-PRODUCTS 

In the last analysis metabolism studies that depend upon the analysis of 
excreta of any kind are acceptable only if there is reasonable assurance that the 
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present to be content with the statement that as carbohydrate metabolism is 
reduced to a minimum, the G:N ratio approaches as a limit a value of about 
3D, indicating that the glucose formed from average protein can not exceed 
In weight 48 per cent of the weight of the protein. 

It can not be too much emphasized that no inferences can be drawn from 
G:N ratios derived from short periods of observation with changing diet. 
Glycogen swept out of the liver will give spurious high values, storage of gly- 
cogen will have the opposite effect. 1 (For more detailed discussion see chapter 
on Carbohydrate, p. 141.) 

Another portion of the protein molecule, after deamination, forma fatty adds. 
It is frequently stated that these arc used to fonn fats. This is highly im- 
probable, since it has been repeatedly demonstrated that short-chain fatty 
adds can not be used for the construction of the long-chain fatty adds found 
in fats. It Is possible that the d earn inn ted fatty-add residues may be con- 
verted to ketone bodies. It seems necessary to suppose that fat which is 
formed from protein must be derived from the residues that form carbohydrate 
and that it may involve preliminary conversion to carbohydrate (for further 
discussion, see chapter on Carbohydrate, p. 139 and chapter on Lipids, 
p. 409). 

Neither fat nor carbohydrate can replace protein entirely in the diet or the 
metabolic mixture because neither contains the necessary nitrogen, sulfur or 
amino adds. Animals appear to be unable to synthesize certain essential 
amino acids from simpler nitrogen-containing compounds. They also seem 
to have a limited capadty to store protein as such. If an excess of protein 
is fed daily to a well nourished ani m al some of the nitrogen may be retained 
In the first few days; but at the end of that time nitrogen equilibrium is again 
attained. When the supply of amino adds provided by the food proteins 
exceeds the needs of the body for replacement of tissue proteins, the excess, 
after deamination, is burned for immediate energy production or used for 
formation of fat or carbohydrate. Of course an exception to this gen e ra l rule 
is found when there is a demand for growth or for restoration of tissue. Under 
these circumstances, if conditions are favorable, protein will be retained. A 
persistent retention of nitrogen for the deposition of protein in the body is 
therefore, usually regarded as evidence of growth or of previous protein starva- 
tion. 

If the diet fed to an individual con tains little protein and, at the same time 

• Drury (1M) h** recently ddmed that tins G:N ratio b actnaHy u high t» 3 to 6, which 
would requlr* that 90 to 96 per cent of protein be converted to glocoee. It ha* been eatab- 
Bihed independently that only certain amino ackii cen be converted to rincoae. The qo^. 
title* of these amino idd» jtn the protein* fad by' Drury would predudo inch high quotient*. 
Ttere U no certainty that an equilibrium wm* waned bi the experiment*, the animal* receive 
at tfartea either gtua»e or protein. In *oroe Instance* *bo bimfln vra* given. Finally, the 
method* of calculation are open to erftidam. 
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insufficient calories in the form of carbohydrate and fat, the deficiencies of the 
diet are supplied from his own tissues. Since the preformed stores of carbo- 
hydrate in the body are limited, after a short time the metabolic mixture 
comets chiefly of protein and fat. By the administration of adequate or 
Excessive amounts of carbohydrate, under these circumstances, protein wastage 
may be minimized, although it can not be abolished. Apparently the organism 
utilizes protein, when the supply is limited, as economically as possible, for 
those functions which protein alone can serve, expending it for simple energy- 
production only when other fuel is not available. In the absence of exogenous 
carbohydrate It is compelled In addition to supply enough glycogen to maintain 
the indispensable operative and energy-producing offices of carbohydrate. 
Fat usually need not be provided because it can be secured from the fat depots. 
Even if these are depleted, minimum nitrogen metabolism can not be attained 
by the administration of fat alone because this am not replace carbohydrate. 
But, if large amounts of fat are available only small quantities of carbohydrate 
»re required to achieve a maximum economy of protein (see chapter on Net 
Nitrogen Metabolism). 

NATURE AND SOURCES OF FECAL MATERIAL 

(See chapters on Carbohydrates, Lipids and Net Nitrogen Metabolism) 

Examination of the feces of any person reveals the presence of nitrogen and 
fatty adds, amounting, on an ordinary mixed diet, to about 10 per cent of the 
ingested protein and less than 10 per cent of the fat A part of the fecal fat 
and protein may represent unabaorbed food products; part is derived from 
intestinal secretions. The nitrogen and the fatty acids in the feces remain 
relatively constant when dietary protein and fat are varied. They may be in- 
creased by the addition to diets of roughage, by the presence of diarrhea or 
pancreatic insuffidency, or by the administration of indigestible forms of 
protein or fat. 

Stools contain only minimal quantities of reducing substances. A certain 
Proportion of ingested carbohydrate may escape absorption to fall prey to 
bacteria and other carbohydrate-fermenting organisms in the intestinal tract. 
The quantity which escapes absorption can not be estimated; but, from me- 
tabolism experiments on phlorixinixed animals, it would appear to be negligibly 
mall. 

Whether the nitrogen and fat in stools be looked upon as unabsorbed or as 
excretory materials, they must be taken into consideration in any attempt to 
strike a balance between diet and metabolism. 

THE RELATION OF EXCRETION TO PRODUCTION OF METABOLIC END-PRODUCTS 

In the last anal yds metabolism studies that depend upon the analysis of 
excreta of any kind are acceptable only if there is reasonable assurance that the 
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materials analyzed represent accurately the products of the processes under 
investigation. A lag in the excretion of these products or the sudden sweeping 
out of material under the influence of extra-metabolic factors introduces dis- 
tinct error?. 

The infiuenu of changes in vent Motion on the respiratory excretion oj carixm 
dioxide (see chapter on Carbonic Add and Add-Base Balance). Carbon dioxide 
exists in the blood and tissues partly in simple solution, partly in combination 
with base, as bicarbonate, and, to a smalt extent, in combination with hemoglo- 
bin as cnrbhcmoglobin. If the carbon dioxide tension or the bicarbonate 
concentration of such a mixture is altered, the carbon dioxide eliminated by 
the respirator,' system will change accordingly. Although the CO, which is 
driven off or bound by these influences has no metabolic significance, it will 
affect the respiratory quotient 

The direction and extent of the distortion of COs produced by changes of 
bicarbonate or COj tension in the blood or tissues depend on the manner fa 
which these changes are brought about Recent studies by Hastings and 
associates (157) indicate that the membranes of tissue cells permit the free 
passage of CO, or carbonic add, but are impervious to the bicarbonate ion. 
If, therefore, the CO, tension of the blood is reduced, as it may be when » 
nervous individual, unused to respiratory apparatus, breathes in excess of his 
physiological needs, large amounts of carbon dioxide may be pumped out of the 
tissues as well as the blood. Such over-ventilation may, in extreme cases, u 
DuBois (110) has pointed out, raise the R.Q. from 0.77 to 1.10 and the me- 
tabolism calculated from the carbon dioxide excretion will be correspondingly 
high, although the energy expenditure of the individual is unapprednbly 
altered. Nervous hyperventilation of this kind, which a known as “Ata- 
pnmpung,” is usually transitory and is succeeded by a’compcnsatory period of 
hypo-ventilation in which the R.Q. may fall below 0.70. This, and the fact 
that the respiration daring such nervous breathing is seldom regular, lead to 
its detection. Except after a high carbohydrate feeding resting respiratory 
quotients above 1.00 arc presumptive evidence of "Auspumpung.” A dis- 
turbance of the opposite order could be produced by Involuntary hypo-ventila- 
tion; but this is of less practical Importance because restraint of respiratory 
activity provokes to much discomfort that it can not be maintained for more 
than a brief interval. 

Because of the selective permeability of the tissue cell membranes primary 
alterations of bicarbonate or of adds other than carbonic have a variable effect 
npon CO, elimination, apparently depending on the point at which they ^ 
initiated. The simple addition of bicarbonate to blood induces m inimal 
changes of respiration; moat of the bicarbonate Is retained In the hkxxl and 
interstitial fluids and is excreted in the urine (310). The administration of 
ammonium chloride also has an inappreciable effect’ on respiratory CO, elimf^. 
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tion and R.Q., even when enough is given to lower serum bicarbonate 2 to 4 
volumes per cent in the course of an hour (310), Ammonium chloride acts 
like hydrochloric add, Cl displacing bicarbonate and releasing CO*. This 
must increase the COj tension. However, the chloride is confined to the extra- 
cellular fluids. A targe part of the CO* liberated, apparently, Is transferred 
to the tissue cells, where It is neutralized by the abundant buffers, instead of 
being excreted in the expired air. At most only the COj derived fromoctra*^ 
cellular bicarbonate may be eliminated by the lungs; the cellular I 

will remain untouched. • 

The response to increases of acid within the cells is quite dfffojscm. In thfl^ 1 
case the CO* tension within the cells rises owing to the liberation- of CO 
bicarbonate. The former diffuses out of the cells to incteasfllifie CQr^fcnsion 
of the bl°°d- This stimulates the respirations to elinyuady more ,CO*. T^e 
sequence of events is best illustrated by the observation^ of Long^ncP, 
Lupton (169) on the effects of exercise. During severe^ exdse a large arntfunp'' 
of lactic add accumulates in the musde cells and body flmds'Wni^thejijpfhy 
of oxygen to the exercised muscles » inadequate. The lactic ifi^Mrerneutral- 
ized in part by the reaction KL& + BPr « BLa + HPr, with the protein buffers 
represented as BPr. In part, however, it is neutralized by the reaction HLa 4* 
BHCO* — CO* + H*0 + BLa. This decomposition of bicarbonate with 
liberation of CO* increases the tension, within the cells, of CO*, which therefore 
diffuses into the extracellular fluids and blood. The lactic add also escapes 
from the cells to decompose the bicarbonate of the extracellular fluids and blood 
in the same manner. CO* tension in both cellular and extracellular fluids in- 


creases . Consequently , during lactic add accumulation the R.Q. rises because 
to the CO* formed from burned fat and carbohydrate is added the CO* formed 
from decomposed bicarbonate. Furthermore, in contrast to the hydrochloric 
add derived from ammonium chloride, lactic add releases CO* in cells as well 
as extracellular fluids. Even after brief violent exercise is stopped the R.Q. 
continues to rise for some minutes because O* intake falls more rapidly than 
CO, output. At this time the R.Q, may touch a peak value as high as 2.0. 
Later, during recovery, when the lactate disappears and frees its alkali to re- 
combine with COi, a compensatory reduction of R.Q. to 0.70 or leas can be 
observed. 


Formulae have been proposed by means of which respiratory quotients may 
be corrected for changes of blood bicarbonate (324); but no one of them Is of 
any practical value because respiratory elimination of CO* from bicarbonate 
of the body is not directly related to changes of the concentration of bicarbonate 
in blood. More depends on the means by which the bicarbonate is altered. 
For example, voluntary or involuntary hyperventilation may pump out of the 
tissues in a short time a large quantity of CO* with only an Insignificant re- 
duction of the CO, content or bicarbonate concentration of the blood; while 
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R.Q. may not be demonstrably altered by a dose of ammonium chloride that 
will lower blood bicarbonate by two to four volumes per cent (310). If there 
is reason to suspect that blood bicarbonate or CO, tension may change during 
the determination of metabolism by means of the respiratory gas exchange, 
the CO, content of the blood or serum should be measured at the beginning 
and end of the determination. If it has changed, the estimation of metabolism 
so far as this may be influenced by the value of R.Q., must be interpreted with 
reserve. 

The effect of lion-metabolic disturbance of respiration on oxygen absorption. 
Because the hemoglobin of arterial blood of normal persons Is, at sea level, 
almost completely saturated with oxygen, “Auspumpung” and the over- 
ventilation caused by add have little effect on O, absorption. It is on this 
account that, under standard conditions, when the R.Q. can be assumed to be 
relatively constant, heat production can be calculated from oxygen consump- 
tion alone with little error. Under other conditions when the R.Q. and, conse- 
quently, the heat value of oxygen may be expected to vary, the same factors 
which are sources of error in the estimation of CO, production, by affecting the 
respiratory quotient, introduce a similar, though smaller, error into the com- 
putation of metabolism from both carbon dioxide and oxygen. 

In exercise the absorption of oxygen, if estimated over short periods, may 
afford no accurate measure of energy production. If the exercise is sufficiently 
severe, it results at first in the anaerobic conversion of glycogen to lactic acid 
and, during the exercise, the oxygen absorbed falls short of the heat generated. 
This is the same stage of exercise in which non-metabolic CO, excretion is at its 
height. During this period the muscles run up an “oxygen debt.” In the 
subsequent recovery period, which lasts for some time after the exercise has 
ceased, oxidative processes arc called into play. During this period the rate 
of oxygen-absorption exceeds that of energy-prod action. In order to deter- 
mine either the true respiratory quotient or the true heat production during 
exercise, therefore, it is necessary to measure oxygen-absorption and carbon 
dioxide-production from the start of exercise until the completion of the re- 
covery period. When the Hffi-Meyerhof theory of muscular activity pre- 
vailed, it was believed that the oxygen-debt was incurred altogether through 
the anaerobic formation of lactic add and was repaid to permit the combustion 
of part of the lactic add and the reconversion of ' the remainder to glycogeh 
Measurements of the time relations between the repayment of the r. y 
and the removal of lactic add as well aa the quantitative re’ 1 ' 
add removed to the oxygen consumed during the recovery * 
to be incompatible with this theory. It is necessary to : 
aerobic reactions or Incomplete oxidations, the nature o' 
known, which are completed during oxidative rttu.w 
speedier than the reconversion of lactate to glycogen. 
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sumably, take place in the skeletal muscles themselves, whereas lactate is 
transformed to glycogen in the liver or may be burned by other organs, such 
as the heart, brain and testes. (See chapter on Carbohydrate.) 

THE TIME RELATION BETWEEN NITROGEN EXCRETION AND NITROGEN METABOLISM 

(See chapter on Net Nitrogen Metabolism) 

Under normal conditions of diet and living in health, it can probably be 
assumed with little error that the nitrogen excretion of any given twenty-four- 
hour period represents fairly accurately the nitrogen production and, therefore, 
the protein metabolism of that period. If, however, the protein in the diet is 
suddenly increased or diminished, the same assumption can not be made. 
After such a change in diet a period of two or more days may elapse before 
nitrogen equilibrium is established. This lag appears to be due chiefly to the 
sweeping out or retention of mobile protein stores. 

Divergence between catabolixed nitrogen and excreted nitrogen may also 
result from sweeping out or retention of non-protein nitrogen. If the ability 
of the kidneys to excrete nitrogen is impaired, or the volume of urine Is low hi 
comparison with the nitrogen catabolism, non-protein nitrogen may accumulate 
in the blood and tissue fluids with great rapidity. On the other hand, if the 
ability of the kidney to excrete nitrogen rapidly improves, or if the volume of 
urine increases out of all proportion to the nitrogen catabolism, non-protein 
nitrogen may be quickly swept out of the body. 

The influence of these sudden changes in N-excretion which are entirely un- 
related to metabolic nitrogen production can be detected and estimated If 
observations are made of changes in blood non-protein nitrogen, body weight 
and urine volume. 

Attempts to correlate nitrogen excretion with protein metabolism over 
periods shorter than twenty-four hours are open to more serious criticism. 
After any meal containing protein the non-proton nitrogen in the blood may 
rise appreciably and remain elevated for four hours or more, particularly if the 
amount of fluid taken with the meal has been relatively smalL There is, in 
this case, a regular and definite lag in the excretion of the products of protein 
catabolism. If the ability of the kidney to excrete N is impaired this lag is 
greatly prolonged. In nephritis with hyposthenuria, nocturnal polyuria is 
regularly observed. Because the patient is unable to excrete a sufficiently 
concentrated urine, the nitrogen produced in the active diurnal metabolism 
must be excreted during the course of the night. 

In comparisons of dietary protein with nitrogen metabolism and excretion 
H Is usually assumed that all the nitrogen in the diet Is protein nitrogen, and 
dietary protein is calculated as dietary N X 6.25 (the factor for converting N 
to protein). The error introduced by this assumption is small. An uncertain 
fraction of the nitrogen in food is, however, non-protein nitrogen. Part of this, 
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of course, passes through the body without contributing to energy production 
or any other useful function. 

The nitrogen of normal urine is usually almost entirely non-protein nitrogen 
and may, therefore, properly be considered as the product of more or leas com- 
plete protein oxidation. The chief fraction consists of urea + ammonia end 
may be considered as completely oxidized. A small fraction Is excreted in less 
completely o x idi z ed form, partly (1 or 2 per cent of the total N) as amino adds. 
The urea -j- ammonia fraction may be regarded os the product of protein that 
has been expended for general purposes, induding the production of energy. 
It is this fraction which fluctuates with the dietary intake of protein. The 
remaining fraction, which is far more constant and but little influenced by diet, 
has been utilized for operative purpose*. The two fractions are end products 
of different metabolic processes and most, therefore, represent different amounts 
of energy expenditure. The employment of a constant factor for the com- 
putation of energy-production from urinary nitrogen fa, accordingly, inexact, 
although it is unavoidable until more Is known of the intermediary metabolic 
processes by which the various nitrogenous products ore formed. 

In some normal urines and many pathologic urines protein itself is excreted 
in varying and often considerable quantities. Nitrogen excreted as protein 
presumably has been of no value to the organism either from the standpoint 
of energy production or tissue nutrition. Although urinary protein nitrogen 
must be considered a source of protein wastage and Included in determining 
nitrogen balances, only non-protein nitrogen may be used for the estimation 
of protein catabolism and heat production, 

basal ZTETABOT.TKir (27, 43, 110, 187, 244, 350) 

The term “basal metabolism” is used to indicate the rate of heat production 
measured in the morning, twelve to fourteen hours after the last meal, when 
the subject is lying down and motionless. Under these conditions the energy 
production of normal individuals is lower than it is at any other time while the 
subject is awake. It falls to a still lower level during sleep (236). Krogh (196) 
has proposed the term <£ itandard” and Benedict prefers “postabsorptive” as 
more accurately descriptive than ‘ basal”; but the last has been generally 
adopted In this country. 

The basal metabolism varies with age, sex and size according to more or less 
well established rules; but is fairly constant in a given individual or in similar 
individuals of the same species. In adult males of the same age and size ft 
seldom deviates by more than 10 per cent from the mean standard, a variation 
no greater than that observed in single individuals on different days. 

Site. In persons of the same age and sex, basal metabolism varies with both 
height and weight and appears to be moat closely correlated to surface area. 
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DuBois and DuBois (106) have derived a formula by which the surface area 
of an individual may be calculated from height and weight: 

A - H»-« X W*-«X 71.84 



Fm. 1. Nomogram permitting (Erect extimilirwi of «orface area from height and weight 
by DuBois’ formula A “ H*- m X W 1 ■* X 71 At. When A “ aorface area In aqnare cen- 
tbneten, H — height In centimeter! and W — weight in idle*. (*q. cm. — *q. m. X 10,000.) 
The iorfaoe area ii found at the point of intersection of the middle tnle with a rtiaight line 
drawn from the obaerved height on the feft hand tcaJe to the obaerred weight on the right 
band ecale. 

.when A — surface ana in square centimeters (square meters X 10,000), H — 
height in centimeters, and W *=• weight in kilos. By means of the d’Ocagne 
monogram of figure 1, surface area, according to the DuBois formula, can be 
estimated frtmi height and weight without arithmetical calculation. 
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Varioia observers (28, 102, 156, 196) have proposed other formulae which 
are claimed either to measure area more accurately or to give a more exact 
correlation with the basal metabolism. Of these the only ones which have been 
extensively used arc the age-weight-sex and belght-weight-eex tables of Harris 
and Benedict (156). The relative merits of various standards have been dis- 
cussed at length by DuBofa (110) and Boothby and Sandiford (45). For most 
subjects st an da r ds based on weight alone, or weight and height, are suitable, 
since there is a general correlation between weight, height and form. The 
surface area formula appears to be more universally applicable than others 
because it gives better predictions in subjects of unusual shape. 

Age. The basal metabolism in proportion to size, however this may be 
estimated, varies distinctly at different ages. In early infancy it is low, but 
rises rapidly during the first months of life, to reach a maximum from which it 
declines gradually during the major part of the growth-period. The early peak 
has been variously placed between the second and fourth years. From data of 
Lewis, Kinsman and Biff (207), who have investigated the subject with great 
care, it must occur before the second birthday because, from this point on until 
the thirteenth birthday, the basal metabolism per square meter of surface area 
bears an Inverse linear relation to age, which fa defined by the following equa- 
tions. 

For boys 

Calories per square meter per hour — 1.20 yean of age + 56.70. 

For girls 

Calories per square meter per hour 1.382 years of age + 55.364. 

These equations probably provide the best means of prediction now available 
for tht^particular ages to which they arc applicable, from the second to the 
thirteenth birthday. The authors estimate that 99.7 of boys should fall within 
±18 per cent of this mean standard and 95 per cent within ±12 per cent; the 
corresponding deviations for girls arc ±16 and ±11 per cent. 

It is generally held that basal metabolism rises out of proportion to sixe 
during pubescence (55, 363), since In this period chronological age seems to be 
lew important than the stage of development, with which It fa but roughly 
correlated. Both the standards of Harris and Benedict and those of Boothby 
and Sandiford must be applied with caution to any particular case (216, 246, 
338). Shock (326s.) has recently examined the subject carefully and offered 
standards based on age and surface area which allow more accurate prediction. 
Between the twentieth and fortieth year the basal metabolism maintains a 
fairly constant level, and it is during this period that prediction standards are 
most useful. In old age the basal metabolism again declines (14, 29); but it is 
uncertain whether this fa an effect of age per ss or only evidence of the declining 
vigor and fitness that accompany the advance of age in the average run of 
persons (29). 
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TABLE 4a 

Normal Vaitjh or Basal Or Standard Metabolism 


(A modification of the DuBois standard (47)) 



calories to rjOaee Wm 
to aooa 

AGZ 

CALOTUt TO sqcaxx mm 

Ml SOUS 

n.u 

F«nats 

U.U 

Foul* 




7 



5 

(53.0) 

(51.5) 

20 

41.0 

36.5 

6 

53.0 

50.5 

21 

40.5 

36.5 

7 

52.0 

49.5 

22-24 

40.0 

36.5 

8 

51.0 

48.0 

25-29 

39.5 

36.5 

9 

50.0 

46.5 

30-34 

39.0 

35.5 

10 

49.0 

45.5 

35-39 

38.5 

35.0 

11 

48.5 

44.5 

40-44 

38.0 

35.0 

12 

47.5 

43.0 

45-49 

37.5 

34.5 

13 

47 .0 

42.0 

50-54 

37 .0 

34.0 

14 

46.0 

41.0 

55-59 

36.0 

34.0 

15 

45.0 

39.5 

60-64 

35.5 

33.5 

16 

41.0 

38.5 

65-70+ 

35.0 

33.0 

17 

43.5 

37.5 




18 

42.5 

37.0 




19 

42.0 

36.5 





* In mint the table the age ihonld be determined to the neareet year. That Is, 4 Teari 
6 months to S yean 5 months Inclusive, b taken as 5 years; to do this correctly the actual 
birthday most be known 


TABLE 4b 

Mean Values or Ratal or Standard Metabolism 


(An extenMtm of the DuBois standards to the early yean of life (207)) 


AST 

CALORIES TO SQUABE RETIE 

AOX 

caioitts m kjuaei a nr* 

Mils 1 

Fttasls 

Malt 

Fuasle 

3 W* 



yssei 



2 

54.3 

52.6 

8 

47.1 

44.3 

3 

53.1 

51.2 

9 

45.9 

43.0 

4 

51.9 

49.8 

10 1 

44.7 

41.6 

5 

50.7 

48.5 

11 

43.5 

40.2 

6 

49.5 

47.1 

12 

42.3 

38.8 

7 

48.3 

45.7 

13 

41.1 

37.4 


* This refers to the actual age. For example 2 yean refers to the second birthday. Inter- 
polation should be employed to obtain the value at the nearest quarter year. Tnitfri of the 
t*hle the following equations may be employed: 

Foe boys: 

Csla per sq. m. per h. - 1 JO age In yean + 56.70. 

For girt*: 

per sq. m. per h. - 1.382 age In yean + 55-364. 
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Sex. From the age of 2 onwards, if not before, the basal metabolism of fe- 
males is distinctly lower than that of males of the same size' From the pre- 
diction equations of Lewis, Kinsman and Hiff (207), the difference is only 4 per 
cent at the age of 2 and increases to 9 per cent at 13. During adolt life and 
old age it amounts to 7 to 10 per cent (110, 156). 

Normal standards. Tables 4a, 4b and 4c give the normal standards for pre- 
diction of basal metabolism. The authors prefer these standards based on 
surface area to those which utilize only weight or height (28, 34, 69, 102, 156) 
because the correlation with surface area is superior, especially in subjects who 
deviate from the average in structure. For children from 2 to 13 years of age 
table 4b, from Lewis, Kinsman and XlifT (207), is probably more accurate than 
4a; between 11 and 18 years table 4c, from Shock (326a), Is to be preferred. 
It will be noted that there is a considerable difference between the standards 


TABLE 4c 

Msak Valdes or Basal c* Staudaxd Mitabousu 
(An application of the DnBaii standards to the ado l esce n t period of Efe (32fit)) 


MX 

uucam 

m 

igoai uxm 
■OCX 

MX 


nuu ntn 

■OCX 


Mil* 

taMk 


Mil* 

rc*J* 

11.5 

43.6 

41.7 

ymn 

15.0 

42.8 

35.7 

12.0 

45.0 

41.0 

15.5 

41.4 

34.4 

12.5 

44.4 

40.4 

16.0 

41.1 

34.2 

13.0 

44.1 

39.9 

16.5 

41.0 

34.6 

13.5 

43.2 

38.8 

17.0 

40.9 

33.4 

14.0 

43.5 

38.0 

17.5 

40.6 

33.4 

14.5 

42.9 

_ 

36.5 





predicted by tables 4b and 4c and those in 4a. This results in a sharp break 
at the 14 year point if table 4b is used with 4a. The standards of Lewis et al 
and of Shock are distinctly lower than those of Boothby and San diford. Shock 
has suggested that this difference may be referable to climate. This seems im- 
probable. The standards of Lewis and his associates do not differ shar ply 
from those of Shock, although the former were derived In Colorado, the latter 
in California. The climate of Minnesota the year round can not differ from 
that of both of these regions more than they differ from one another. The 
source of the discrepancies most be sought in the selection of the material used 
and the conditions under which the subjects were studied. 

Race and climate. These standards correctly apply only to Caucasians in 
temperate climates. Racial distinctions have been noted in Mayas of Yucatan, 

women of South India, Eskimos, Araucankn Mapuchea, Australian aborigines, 
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Jamaican negroes, etc. There is still some no certainty about the Chinese and 
Japanese. Some, but not all, of these distinctions may be due to climate and 
habits; the metabolism of Caucasians becomes slightly reduced after a sojourn 
In the tropica (93). The subject has been reviewed by Benedict (30). 

Season. There is some evidence that the metabolism is slightly higher in 
cold weather than in hot (110). Gustafson and Benedict (ISO) found that the 
basal metabolism of 20 normal female college students during winter months 
was 5 to 10 per cent lower than it was in the spring and summer. This differ- 
ence, they believe, may be related not to temperature variations but to other 
seasonal factors, possibly variations in sunlight. 

THE EETECT OT FOOD OH METABOLISM 
Most investigators have detected no characteristic variations of basal me- 
tabolism which can be referred to the influence of the previous dietary regime. 
Krogh and Lindhard (196, 197) claim that after a low protein diet the basal 
metabolism becomes definitely lowered. They also conclude that it is lowest 
when the respiratory quotient lies between 0.8 and 0.9, that is, when the subject 
has been receiving a diet rich in carbohydrate. After a high protein diet, 
according to Wishart (378, 379) the basal metabolism rises. 

Eject on rate of total metabolism, specific dynamic action (110, 219, 221). 
Immediately after a mixed meal the glucose, urea, amino acids and lipids of the 
blood rise, an indication that the disposal of the digestion products does not 
fceep pace with their absorption from the alimentary canal. By respiratory or 
direct calorimetry the heat production may be shown to rise at the same time. 

This rise in heat production, which has been called “the specific dynamic 
*ction” of foods, varies with the nature of the food given. It is greatest for 
protein, leas for carbohydrate and least for fat. Of the fuel value of fat about 
2-5 per cent, of carbohydrate about 5 per cent and of protein more than 10 per 
cent is used to meet the specific dynamic action of the food itself, and has been 
called by Benedict and Carpenter “the cost of digestion.” In calculating 
dietary requirements DuBois (110) recommends that S to 6 per cent of the 
total food calories must be added for an individual on a mixed maintenance 
diet; 2 to 5 per cent If the diet is below his caloric needs; 6 to 8 per cent if the 
diet is liberal and if more t han 12 per cent of the calories are derived from 
protein. For extremely high protein diets the allowance must be two or three 
times as large as this. 

For general discussions of the nature and causes of the specific dynamic 
ictfcm of foods the reader is referred to reviews by Lusk (223) and by Wilhelmj 
(375). It U not merely an expression of the energy consumed in the activities 
of digestion, since it can be elicited by certain food products whether they are 
given orally or Intravenously (269, 371). Among these are urn inn acids (220, 
2*5, 297). Rapport and Beard (297) have estimated that the total specific 
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dyna mi c action of a given amount of a pure protein (casein or gelatin) fa of the 
order of magnitude of the sum of the effects of the individual amino adds of 
which the protein fa composed, Wflhelmj (375) has calculated that the specific 
dynamic action of simple amino adds fa a linear function of the molecular 
equivalents of a mi no add metabolized. 7 It appears most probable that specific 
dyn ami c action fa the result of heat liberated by chemical reactions involved in 
or stimulated by the intermediary metabolism of food products. In the case 
of amino adds Lusk identified it with the metabolism of the deaminized product, 
especially its conversion to glucose. More recent evidence (375) indicates 
that the process of deaminization fa more important. 

The energy evoked by the specific dynamic action of the foodstuffs can not 
be utilized for the conduct of work. This was first demonstrated by Rubner 
and confirmed by Anderson and Lusk and Benedict and Muischelhauser (see 
Lusk (219)). They showed that if a subject exercised in the fasting condition 
and after the ingestion of meat, the increment produced by exercise was the 
same; but, after meat, the total metabolism was greater, the difference being 
equal to the specific dynamic action of the protein. Dock (100) compared the 
oxygen consumption of various organs of rats which had received a diet con- 
taining 74 per cent casein with that of rats which had subsisted on ordinary 
diets. Of the organs examined only the livers of the rats on high protein diets 
consumed significantly more oxygen than the controls did. From these ex- 
periments Dock concluded that the liver was the chief or sole site of the me- 
tabolic processes responsible for the specific dynamic action of protein. 

Specific dynamic action varies not only with the nature of the food, bet 
also with the condition of the subject fed. It has been claimed (368), probably 
erroneously (112), that It fa reduced in patients with endogenous obesity. 
There fa evidence that protein has far less effect after starvation or protein 
deprivation. McCann (242) found the specific dynamic action of protein 
greatly reduced after an eight day fast. In this case the nitrogen excretion 
was not augmented by the ingestion of 350 grams of meat at a single meal. 
Evidence of a similar nature fa found in the complete absence of specific dynamic 
action after hepatectomy (229). McCann’s experiment fa not necessarily at 
variance with those of Wflhelmj, B oilman and Mann (376) in which specific 
dynamic action was demonstrated in the fasting dog after Intravenous injection 
of amino adds. 

Earlier claims (129) that the thyroid, pituitary and adrenal glands influence 
specific dynamic action have not been substantiated (107, 126, 135, 262, 375). 

Effects of different foods on respiratory quotients. Besides its effect on heat 
production each food also has a characteristic influence upon the respiratory 

t Some coefrakn uijen tram fill are to rccognlxe thb point Specific dynamic ar-Hon f 
,hould be exprwed and can only be compared in texma that relate them to the quantity of a 
pTfjj fnbatance metabollxed, not to tbe lerel of antecedent mctabolinn (375). 
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quotient After Ingestion of carbohydrate the R.Q. usually rises to an extent 
which depends upon the amount and nature of the carbohydrate consumed, 
because carbohydrate utilization begins to predominate over combustion of fat 
and protein. Carbohydrate is utilised in three ways, which may be repre- 
sented in the following manner: 

1. Synthesis to glycogen, nC*HuO» — (C*HioOi)« + nH*0. Does not 
affect R.Q. 

2. Combustion, CjFInOi + 6 Oj * 6 COj + 6 H*0. Has R.Q. of 1.00 and 
raises the R.Q. towards that level. 

3. Fatty add formation. 3 C#HnO* “ CuHjbO* + 8 0*. Tends to raise 
R.Q. above 1.00, by furnishing endogenous 0* and thereby lowering Oi intake. 
(Seep. 17.) 

It was pointed out above, in relation to “The convention of carbohydrate 
to fat,” that the R.Q. Indicates the end result of combustion of carbohydrate, 
conversion of carbohydrate to fat and combustion of fat, in terms of the net 
decrease of carbohydrate and fat in the body. Consequently, if reactions 1, 2 
and 3 and fat combustion alone affected the calculations, glycogen formation 
could be estimated as the difference between carbohydrate absorbed and carbo- 
hydrate burned (or excreted), the relatively small amount of free glucose in the 
body remaining constant. 

Such calculations have been made and from them deductions have been 
drawn concerning the rate and mode of utilization of various carbohydrates. 
For example, Higgins (164), by precise measurements of the respiratory ex- 
change in periods of four minutes each after the ingestion of 100-gram doses 
of different sugars found that, while glucose and maltose caused the R.Q. to rise 
relatively slowly during one and one-half hours to 0.90 to 0.97, sucrose and 
fructose raised It in fifteen minutes to 1.10 to 1.15. This was interpreted to 
mean that levulose and sucrose were to a large extent changed to fat (75, 164). 
Campbell and Maltby (61), however, have shown that when fructose or cane 
sugar is metabolized, lactic add is formed in sufficient quantities to decompose 
bicarbonate in the body. Excretion of the resultant CO* increases the R.Q. 
in precisely the same m ann er that it does when lactic add formed during exer- 
cise decomposes bicarbonate. This introduces a fourth reaction that must be 
taken Into consideration: 

4. C,HnOi (fructose) — 2 CjH*Oa (lactic acid) 

H(CiH,CM + BHCOi - B(C«HfOi) + H*0 + CO* 

Obviously, under such conditions condusions concerning the fate of carbo- 
hydrate can be drawn from changes of R.Q. alone only if correction could be 
made for CO* released by reaction 4. It has been pointed out above that there 
u no formula by which such correction can be made with accuracy. 

Carpenter and Lee (72), on the basis of simultaneous observations of R,Q. 
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Electricity i] 29 

The most careful and scientific clinical observer of this period was 
John Birch (1743-1815), surgeon to the Prince of Wales and attend- 
ing surgeon to St. Thomas’s Hospital. About 1780, he began to test 
the efficacy of static electricity on patients presenting various diseases. 
In this work he had the assent and approbation of some of the ablest 
practitioners of the day, including Drs. Heberden, Sr. 1 * * (1710-1801) 
and Warren* (1731-1797), Mr. Else, Mr. John Hunter* (1728- 
1793), and Mr. Gunning 4 (d. 1798). During this period he endeavored 
to establish a regular branch of electrical practice and teaching at 
St. Thomas’s Hospital. This was not accomplished until about 1799, 
owing “to the short time of residence of the students in London.” In 
the preface to his interesting Essay on the Medical Application of 
Electricity • (Fig. 11), Birch says: 

“Experience Is the test by which we Judge of a proposition; and repeated 
facta, well authenticated, carry conviction with them. It Is now upwards of 
twenty years that I have unremittingly pursued this point of study. . . . 

“An operation Is often more admired than a cure by any other means, 
as it Is at once splendid and lucrative. I am therefore obliged to limit the 
hospital practice to particular cases, which I attend myself, because I can 
so seldom prevail on a young student to take the necessary pains which are 
required to become an able electrician.” 

That Birch did not consider electricity a universal panacea is dearly 
set forth In the following paragraph : 

“To consider electricity as an universal remedy, Is as absurd, as to deny 
it a place in the science of surgery. Some of the following cases will prove ft 
1s a bold experiment, which may be safely tried; arid what cannot fall to 
raise our admiration is, that so mighty a power, capable of extinguishing 
life at a stroke, may with discretion, be passed through the tender fabric of 
the brain ” 

Birch sets forth his condusions — based upon a long dlnlcal experience: 

“It was the usage of St. Thomas’s hospital to admit nothing new Into Its 
practice until seven years experience had given it validity: I lave had three 
times seven years test of the pre-eminent power of electricity, and am proud 


1 Wtlfbrn Heberden, Sr, wmj one of the meat eminent physicians of the eighteenth 
century, bdo* the first to publish t description of angina pectoris. 

* Ridiaxd Wimn, physician to Prince** Amelia, later to George 111 (1761) and 
the Prince of Wales (17S7) ; phylidan to the Middlesex Hospital from 1756 to 175R, 
and to St- George’s from 1760 to 1766. 

* John Hunter, comparative anatomist, nhyiiokrRbt and micron, founded the 
natural history museum which bean his name. He began hb medial carter a* anatomical 
assistant to hfs brother WTOUm. He was elected a fellow of the Royal Sodrty In 1767. 

4 John Gunning was assistant sutyton and later surgeon to St. George’s Hospital 
from 1760 to 170*. He was appointed the first professor of turnery in that institution 
In 1790. 

* London, 1801 
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The most careful and scientific clinical observer of this period -was 
John Birch (1745-1815), surgeon to the Prince of Wales and attend- 
ing surgeon to St. Thomas’s Hospital. About 1780, he began to test 
the efficacy of static electricity on patients presenting various diseases. 
In this work. he had the assent and approbation of some of the ablest 
practitioners of the day, including Drs. Heberden, Sr. 1 * (1710-1801) 
and Warren 3 4 (1731-1797), Mr. Else, Mr. John Hunter 1 (1728- 
1793), and Mr. Gunning* (d. 1798). During this period he endeavored 
to establish a regular branch of electrical practice and teaching at 
St. Thomas’s Hospital. This was not accomplished until about 1799, 
owing “to the short time of residence of the students in London.” In 
the preface to his interesting Essay on the Medical Application of 
Electricity B (Fig. 11), Birch says: 

'Experience is the teat by which we judge of a propoaition; and repeated 
facts, well authenticated, carry conviction with them. It la now upwards of 
twenty years that I have unremittingly pursued this point of study. . . . 

“An operation is often more admired than a cure by any other menrta, 
as it la at once splendid and lucrative. I am therefore obliged to limit the 
hospital practice to particular cases, which I attend myself, because I can 
so seldom prevail on a young student to take the necessary pains which are 
required to become an able electrician.” 

That Birch did not consider electricity a universal panacea Is clearly 
set forth in the following paragraph: 

“To consider electricity aa an universal remedy, is as absurd, as to deny 
it a place in the science of surgery. Some of the following cases will prove ft 
la a bold experiment, which may be safely tried; and what cannot fail to 
raise our admiration is, that so mighty a power, capable of extinguishing 
life at a stroke, may with discretion, be passed through the tender fabric of 
the brain.” 

Birch sets forth his conclusions — based upon a long clinical experience: 

“It was the usage of St, Thomas’s hospital to admit nothing new into its 
practice until seven years experience had given it validity: I have had three 
times seven years test of the pre-eminent power of electricity, and am proud 


1 WIIBun Heberden, Sr., m one of the most eminent physidani of the eighteenth 
century, beta* the fint to publish a description of angina periods, 

* Richard Warren, physician to Prince* Amelia, later to George in (176s) and 
the Prince of Walts (17S7); phyildan to the Middlesex Hoapttal from 1756 to 17 <8. 
and to St. Georg’s from 1760 to 1766. 

* John Hunter, comparative anatomist, physiologist and surgeon, founded the 
natural history museum which bears his name. He began his medical carter u anatomical 
assistant to hfs brother WtJUam. He wu elected a fellow of the Royal Society In 1767 

4 John Gunning was awlstant wirgeon and later surgeon to St. George’s Hoarffal 
from 1760 to 1 70S. He was appointed the first professor of soTgery in that imtftuUoo 
in 1717a. 

•London, 1801 
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to own, that without this aid I must have been obliged to perform many 
more operations.” 

Benjamin Golding 1 (1793-1863) in his Historical Account oj the 
Origin and Progress oj St. Thomas's Hospital, Southwark , 1 praises 
John Birch’s work in the electrical department: 

“Underneath the Dresser's room is an apartment which, we have beta 
informed, was originally built for the reception of an electrical apparatus, 
and for the extensive administration of the electric fluid, under its various 
forms, to numerous diseases, in compliance with the wish of one of the 
surgeons to the hospital, the late Mr. Birch, who long afforded to that 
department of the curative art his steady support, and continued to sanction 
its employment till his death, when electricity lost one of Its most scientific 
patrons in the faculty, and thence became disused at St. Thomas’s Hospital ” 


Approximately at the end of the eighteenth century, there emanated 
from Italy a series of observations that developed into a recognition 
of the constant current with numerous devices for Its production. 
Electrical science was nt the dawn of a new era, and the experiments 
of workers in the early period of the nineteenth century inaugurated 
the vast electrical developments to which present day civilization owes 
so much. First among these observers must be mentioned Luigi Gal- 
vaul (1737-1798), professor of anatomy of the University of Bologna, 
who made numerous observations on the contraction of the muscles of 
frogs through the ggency of electricity. There appears to be ample 
evidence that many of Galrani's electrical experiments were performed 
before the year 1780. On one occasion, when the dissection of a frog 
**» Pkf m dos f to a charged electrical machine 

and the dissecting scapel touched the muscles, they were noticed to 
contract violently. This obsecration was made by Madame Galvani 
and communicated to her husband, who repeated the experiment and 
later observed that the same effect could be obtained outride the influ- 
ence of the electrical machine providing a circuit was formed of two 
dissimilar metals The manuKript giving the results of Galvani’s experi- 
ments upon the dectemty of metals is dated September zo, 1786/and 
the results of his observations were first pubhihed under the title 
AloysU Galvani do V.ribus Blectridtali, h, MolTktus^Zf r „/L „ 
tarius: cum Aldmi Dissrrtasionr n Noth * whirT ^Z /'5 ^ f/ 
I79I - I79 , In this treatise he expresses je b ^ftMe^ M 

London Infirmary, trhich, mainly through hi* effort*, . VU 

HoapUai He took an active intereat in the hmpiul and Chirm* Croat 

» dbrSor until iS6». Ife account of thU bo^ttal, Tk, 

tkt CUriMt Crou Hoik'd, London, wu pobUahed poathnrooi^yl! ° ! 

1 London, 1819- * • ■ 

> PuhHUad In U» wrath rotum, of the tom*, rf u* , 

TLiLtma. 1 docikc* at 
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animals possess a peculiar kind of electricity, by means of which the 
power of contraction is communicated through muscles and nerves. In 
the preface of this work Galvani states that he has undertaken the 
arduous task of preparing his book and of making his numerous experi- 
ments with a view of pointing the way to some practical applications 
of electricity to the treatment of disease. Carpue summarizes Galvani’s 
principal experiment as follows: 1 

e 

“If you lay bare the sciatic nerve of a frog, and take off the integuments, 
then place the nerve on a plate of zinc, aod a muscle on a plate of gold, and 
connect these metals by means of any conducting substance, contractions 
are produced; but if non-conductors are used to connect the metals, con- 
tractions are not excited.” 

The experiments of Galvani were received with strong popular, as 
well as scientific, approval. It was urged that here was positive proof 
that animals, in the intricacies of their muscles, nerves and vital organs, 
generated electricity. As we shall note, this conclusion was vigorously 
opposed by Volta and led to a prolonged controversy. In support of 
Galvani’ s doctrine the evidence of the power of the Gymnotus electricus 
to produce shocks was recalled. In the Transactions of the Philosophi- 
cal Society for 1775 D there had appeared a letter from Dr. Alexander 
Garden* (1730?-! 791), a physician of Charleston, South CaroIins 1 
to his friend John Ellis * (1710?-! 776) under date of August 14, *774, 
describing this curious fish, popularly called the “electric eel/’ It seems 
that several of these fish had been brought to Charleston from a river 
in Surinam,* and Garden had an opportunity of examining them super- 
ficially, but was unable to secure a dead fish for purposes of dissection. 
He writes: 

“There are five of these fishes now here, from two feet In length to three 
feet eight inches. . . . The person who owns them rates them at too high a 


' An Introduction to Electricity end Galvanism. London, 1S03. 

*VoL LXV, p. 1 os, 

* Aiasiwfrr Garden studied at Edinburgh and Aberdeen. He located In Charleston, 
South Carolina, where he became wefl known u a physician and botanist. He published 
fa 17&4 Ah Atconl of the iferffcaf Properties of Pink-Root. Linnaeus < *707—177*^ 
named the u jcardenia r ’ In ht» honor. He was a loyalist and at the outbreak of the 
Revolutionary Wax left America for England- Hh only aon, Alexander, aerved during 
the Revolution u an officer In Lee 1 * Legion. WhQe in Charleston, Dr. Garden had 
•man* W» at orient* William Charles Well* (1757-1817) , who later received the Rumford 
medal tor hi* Essay on Dew (1814), At one time Dr. Carden was vice president of tbs 
Royal Sodety. 

* John Eab wu bom In Ireland. Linnaeus termed him a "bright star of natural 
history and the main support of natural history in Ecfdand." In 1764 he was appointed 
•pent for West Florida. This breoyht him mart)- correspondents, and he used hb op- 
portunities to Import various American teed* In 1754 be became a fellow of the Royal 
Sodety. and in the ( allowing year established hb rrpatatloQ aa one of the moat acute 
observers of bis time br the publication of An Essay loxords the A !*t*r*l History of liu 
Corallines. Id nt* the Copity medal wm awarded fa HHs for these researches, 
Linnaeus named a group of plant* EHitia fa bk honor. 

‘Dutch Gtriaoa, 
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Physical Therapy in Joint Surgery 

Arthroplasty. — Arthroplasty performed on a Joint which is anky- 
losed as the result of an old injury 5s a reconstructive operation that 
Is growing In favor. It is considered here under the nrthritic-periar* 
thritlc conditions because usually fasdal transplants or other soft 
tissues play a part in the operation. I have obtained the best results 
In arthroplasties on the following joints in the order in which they 
are mentioned. 

Ankylosis of the T cm poro maxillary joint .— One case was the re- 
sult of a blow on the chin; one case of a fracture through the neck 
of the mandible; and one case of severe infection from a peritonsillar 
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A case which I had some five years ago furnishes one of the best 
examples of this condition: 

Case I. — R. B. suffered a tkull fracture tnd was in 8 comatose condition 
for x6 day's. When be regained cocsdcusneM, he complained of pain in 
the neck. Four weeks passed before restricted movements of the right arm 
were noticed. I saw the patient it weeks after the aeddent. He had 
recovered from the skull fracture but complained of pain in the upper 
cervical region and inability completely to abduct or raise his arm. Weak- 
ness in the shoulder muscles was the chief complaint. Examination showed 
that the head was held slightly to the right side and that a mild condi- 
tion of wryneck was present. The supraspinatus and deltoid muscles were 
atrophied as compared with their fellows and the right shoulder was smaller 
and somewhat dropped. Examinations of radiograms of the cervical region 
were apparently negative. These were then submitted to Dr. Hollis Potter, 
who pointed out a slight discrepancy in the relationship of the first and 
second cervical vertebrae. The atlas gave the Impression of lying slightly 
forward in the lateral view. 

With this slight subluxation of the first cervical vertebra as a potrible 
explanation of the patient’s condition, he was sent to the hospital and 
traction was applied to his head. This relieved the pain which, however, 
recurred as soon aa traction was discontinued. The patient was then an- 
esthetized and, with my hands placed on either side of his head, traction 
was made and the wryneck overcome by straightening the bead; then, with 
traction maintained, the head was gently but forcibly bent forward (a 
movement which was impossible for the patient to perform). Almost simul- 
taneously with the beginning of this forward flexion of the head there 
was a definite snap in the neck which could both be fdt by the operator 
and heard by several who were observing the procedure. Immediately 
resistance to movements of the head in all directions ceased. 

When the patient awoke from his gas anesthesia, he could mow his 
head, although there was some pain. The next day he stated that the pain 
In his neck had ceased. He left the hospital two days later, free of wry- 
neck and pain and with normal bead movements. Within two weeks be was 
using his right shoulder muscles normally. The atrophy disappeared within 
two months. 


Careful study of many of these obscure joint conditions will reveal 
slight subluxations, especially in finger joints, or alight adhesions 
within the joint, especially in the shoulder or knee joints, or a local- 
ized area of tenseness and swelling in a muscle over the joint Often 
the condition results from a contusion, or a hematoma, with fibrous 
organization. These are the conditions which yield to manipulative 
surgery and In which manipulation is definitely indicated. Seldom, if 
ever, should an anesthetic be given in these cases. It is better to repeat 
manipulations several times than to run the risk of increasing the joint 
difficulty. i 

Forced manipulation of definitely ankylosed joints, either from 
fibrous or bony causes, under gas anesthesia, is never Indicated Such 
manipulation usually results in duplicating th5 , 
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physical therapy arc os Important as the operation in the reestablish- 
ment of joint function. Sometimes a small amount of lateral move- 
ment in the reformed joint follows, but the muscles of the arm and 
about the elbow soon learn to control this. 

Shoulder Joint . — Arthroplasty of the shoulder Joint is successful 
provided the foreshortening of the capsule, ligaments, and muscles 
can be overcome. Great effort should be expended fn attempting to 
abduct and elevate the arm before resorting to this operation. In 
many cases good function will thus be reestablished, obviating the 
need of operation. I have removed the excessive callus, n portion of 
the head, and the badly displaced fragments in several cases, and 
have followed the operation by traction and physical therapy, with 
some excellent results in functional restoration fn this joint. Com- 
plete arthroplasty is seldom indicated. 

Knee Joint . — Arthroplasty of the knee joint Is Indicated In selected 
cases. In severe fractures Into this joint, with bony ankylosis which 
has obliterated all signs of the joint surfaces and with the leg in 
fairly good position, it Is never indicated. Stability of the knee joint 
ia the first consideration, and the risk of giving a flail joint in such 
cases must be borne In mind. In cases of bad displacement, such as 
a marked flexion of the lower leg with a stifl knee joint, especially in 
younger Individuals, the operation may be performed. 

Htp Joint . — Arthroplasty of the hip joint Is occasionally Indicated, 
and here again, in selected cases, It is successful. The reconstructive 
operation of Albee gives promise of success. The effort to remold the 
acetabulam and the head of the femur followed by early physical 
therapy has been partially successful In two of my cases. 


Manipulative StJfiCQY. — This is * term employed by Dr. A. G. 
Trumbull Fisher, of England, as the title of a small book which deals 
with obscure joint and skeletal conditions so frequently overlooked 
or considered as inconsequential by many surgeons. It is a book 
which should be in every doctor's library. 

Bone setters, osteopaths, and similar cultists have been successful 
where the more learned men of our profession have failed because 
they have learned the value of certain manipulative procedures. 
Trained physicians have this advantage over these others, namely, 
that they know when not to manipulate because of the dire results 
which may follow such a method 

Subluxations, or ^complete dislocaticms of certain Joints, are far 
more common than is generafly reaped. Often these partial disloca- 
tions are so slight that they ore unobserved by a study of the roent- 
genogram. Nevertheless, they ajusemore or less continuous pain or 
pain on certain movements, sbght swelling, and restricted movement 
Si the joint. When occurring in a vertebral joint, the pain bXn 
referredaloog the course of a nerve, and even atrophy and 
"eoof the muscles supplied by a nerve may be observed. 
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tween the teeth several times a day. The she of this cork should be 
enlarged at least every other day in order to increase the range of 
motion. 

Heat, usually in the form of large hot fomentations, followed by 
gentle massage, dally increased in force, should precede these efforts 
of prying the teeth apart and inserting the cork. 

Restoration or Function. — When a partial ankylosis has de- 
veloped, especially due to fibrosis of the soft tissues, heat, massage, 
and regular mouth exercises should be instituted several times a day. 
Here again the cork can be used to maintain every gain in motion. 
The chewing of wax or two or three sticks of chewing gum offers ex- 
cellent means of exercising these joints. 

Ankylosis is usually divided into an extra-articular fibrous type and 
a bony Intra-articular type. The technic of operation was best de- 
scribed by Murphy, and his articles on the subject should be studied 
before attempting the procedure. In brief, it consists of exposure of 
the joint; removal of the neck, or sometimes of the head and neck, of 
the mandible; swinging a pedicle flap of fascia from the temporal 
region and placing it between the joint and the end of the resected 
mandible; and closure and immediate traction by means of a cork 
or gag placed between the teeth of the affected side. There are many 
cases of ankylosis of the jaw on which this operation can be per- 
formed successfully. 

Heat, massage and exercise, as described above, must start early 
following this operation and must be persisted in until the greatest 
possible function is restored. 

Sternoclavicular Joint 

Treatment. — Maintenance of Reduction. — Partial or complete 
dislocations of this joint, although rare, are the commonest form of 
injury occurring here-. Reduction of the dislocation is usually easy, 
but maintenance of this reduction is often extremely difficult. Force- 
fully pushing the shoulder of the affected side backward and upward, 
at the same time pushing inward on the head of the clavicle, reduces 
this dislocation. A pad of felt placed over the joint and held in 
position by tight strapping with moleskin adhesive while the shoulder 
of the affected side is held forward and erect by strapping will keep 
this joint in position. Some have advocated holding the arm raised 
until it is in contact with the cheek, with the forearm flexed over the 
head as a means of keeping the reduction in place. The arm must be 
maintained in this position for approximately (wo weeks. When this 
method » used, massage of the shoulder joint and elbow joint and 
nundc erases should be Instituted to prevent loss or function dur- 
ing this period. 
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followed by lacerations and hemorrhage In and about the Joint, and 
on healing leaves even a more marked aftermath than previously er- 
Isted. These are the cases that require prolonged and painstaking 
physical therapy to restore function. 

Perhaps occasionally there may be a case of short duration In which 
the beginning ankylosis Is definitely fibrous and in which the patient 
will not allow manipulation, where one Is Justified In giving an anes- 
thetic and attempting gentle, gradual, but forceful manipulation. 
Good results have lollowed such a procedure, but one must be adept 
in selecting these rare cases or he will damage many joints In trying 
to Improve a fevr. 

When In doubt, use the slower, surer methods offered bv physical 
therapy. 


SPECIAL JOINTS 

Since f*y»hal therapy jnocedures In acute Joint Injuries have 
been considered at length by Moorhead and Herring (Vo! II) the 
discussion here will be limited to those measures necessary to prevent 
deformity or to overcome camer oj dys, function following Joint Injuries. 


TaitpaaouAanuAav Joint 

Joint functions in a tanporomaxmary Joint are threatened In the 

presence of certain Infections In or near this Joint- l n the rase of 
severe injuries to the soft tissues about the Joint- and In rertnhWmr 
hires Involving a portion of the joint J certain fnu> 

Infections. — Localized Infections usually resulting in .u, c 
mation, for example, ln the wisdom tooth srith seven? al 
or extensive peritonsillar abscess, may Involve this lnhumL?!? a * S 
cause such severe scar formation periarticulariy as to rmnlM"* 15 !?* 
losls- Occasionally a generalised Infection, for exaZl- , , , ’’T' 
Infection, may attack this Joint, resulting in ankvlosh n ^“'0“ 
Involved in a generalised arthntis deformans. * ° 5 * 3 ' 11 5 o tcn 

Trauma. — Severe blows or falls on the tip of the c-hl. 
in a marked traumatic arthritis in one or both if?” 11 

Joints, followed by bony proliferation with ankylosis 
turns ol the coronold or condyloid processes, with such 
placement that ankylosis of the healed fracture will reaSh" 1 <U5 ’ 
uncommon. b are noi 

Treatment.— PmtvaNTTON or Anxtlosis.— I n am- 0 f th. 
conditions the surgeon’s first efforts must be directed lowai-db, ttboV ' 
ventlon of this deformity. Movements of the mouth are enmf' Pr ' _ 
Daffy the t«U> Bbcmld ** P ricd epirt aDd * »mall cork EsS^®^: 
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In treating this dislocation, one should bear in mind the danger of 
loss of {unction by the prolonged Immobilization so necessary to secur- 
ing a healing In this joint. Even •with prolonged Immobilization the 
results are often disappointing, the dislocation recurring all too fre- 
quently. 

Use or Splint. — In an incomplete dislocation, a peach-board tri- 
angular splint, giving approximately a 45° abduction of the arm, is 
placed in the carefully padded axilla. Pressure is made downward upon 
the dislocated clavicle and at the same time upward and backward 
pressure is made upon the shoulder until the reduction is complete. A 
felt pad is then placed over the acromioclavicular joint, and a firm 
strap of moleskin adhesive is placed around the shoulder over the pad 
and through the triangular peach-board splint, binding the angle of 
this splint tightly into the axilla. The triangular splint is held firmly 
to the side of the body by moleskin strapping and the arm is likewise 
strapped to the other leg of the triangle. Ihe elbow is left free for 
movement. After two weeks the strappings are removed, and with the 
shoulder held in an elevated and backward position, massage is given 
to the arm and shoulder girdle. The splint is then reapplied. The 
patient is asked to report every third day for this massage treatment 
After four weeks very slight passive and active motion can be started 
in the shoulder joint. The elbow is left free from the splint and is exer- 
cised daily by the patient. After six to eight weeks the splint can be 
left off and heat, massage, and exercise applied to the shoulder girdle, 
with a view of getting complete abduction and elevation of the arm. 

Operation. — In the case of complete dislocation, especially in 
working men, it is far better to operate immediately upon this dis- 
located joint than to attempt the prolonged immobilization necessary 
to secure a questionable result. 

Many operative procedures have been advocated for this disloca- 
tion. The best method consists of drilling holes between the acromion 
and clavicle suturing these two directly together, combined with a 
ligaroentoplasty, dosing the ligaments firmly across the joint. Fol- 
lowing operative procedure, immobilization upon a triangular peach- 
board or a wire splint, or the use of a regular airplane splint, is far 
better than a Velpeau or Sayre dressing. Within two weeks following 
the operation, the massage and exercise advocated above should be 
Instituted. Usually six weeks of Immobilization are sufficient in 
operative cases. 

Shocloer Joint Injuries 

In all cases referred to me because of stiff or painful joints followim? 
injury, the shoulder joint is by far the most commonly affected except- 
ing those numerous and aggravating conditions developing about the 
lumbar and sacro-iliac regions. In taking the history of these cases and 
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Acromioclavicular Joint 


Operative Procedure. —In old dislocations or In dislocations that 
cannot be overcome by closed treatment, operative procedure is indi- 
cated. The joint is opened by a semilunar Incision with its base 
upward. The dislocated head of the clavicle is reduced, followed by 
the suturing of the tom anterior ligament from the sternal side over 
to the ligament and periosteum attached to the clavicle. In one case I 
used a piece of fascia lata transplant to reenforce this Joint capsule 
and in another case I was satisfied with the above operation without 
the transplant. The latter case was successful, while the former re- 
developed a partial dislocation. 

Immobilization and Massage. — Immobilization of. the shoulder 
and arm, either in the closed or operative method, lasts from four to 
six weeks. After the first week of this immobilization, the arm should 
be carefully abducted and elevated to, or just above, a right angle at 
least every other day, and the entire arm and shoulder girdle should 
receive massage in order to prevent contraction of muscles and liga- 
ments and fibrosis, all of which, if allowed to form, will prolong the 
disability. 


Heat. — Physical therapy in this Joint is indicated more often in 
acute arthritic conditions, especially a nemcrian infection. Heat, in 
the form of an infra-red baker or diathermy, will give the greatest 
relief of pain. 

Acromioclavicular Joint ' 

Dislocations and Fractures.— Intra-artlcular injuries In this joint 
are rare. Periarticular injuries consist of dislocations, partial or com- 
plete, and of fractures Into the joint 

The usual dislocation in this joint b a separation between the acro- 
mion and clavide of more than one centimeter and with the clavicle 
elevated considerably above its normal position — the supra-acromlal 
or upward dblocabcm. In addition, there are the subacromial disloca- 
tion (downward and behind the acromion) and the subcoracoid dis- 
location (downward and In front of the coracoid process), but these 
are rare. 


Treatment Danger o*' Loek at FtwcnoN.—Tbe chief point to 
remember fa f racturo or dislocations within this joint fa the tendency 
to develop Ion 0 , ab ? nc *™®™ ™nhtof! power “<< deration in the 
arm- Thfa Is 4 5na11 /, d ue to prolonged fcradon ol the Moulder with the 
arm held fa the adducted position or fared across the chert by a Vel- 
peau bandage. However the loss o! reaching pc TO Wy ^ ^ 
incomplete reduction olthn cUsIocaUon or to anankylosfa wfaUn this 
joint. In the normal movements of this John, when the arm reaches on 

ingle of 45° ^th the vented asfa, the acromion moves forwarfd^™ 
faythe posterior fibers ol the deltoid muide. ara ariwn 
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In treating this dislocation, one should bear in mind the danger of 
loss of. function by the prolonged immobilization so necessary to secur- 
ing a healing in this joint Even with prolonged immobflixaticm the 
results are often disappointing, the dislocation recurring all too fre- 
quently. 

Use or Splint. — In an incomplete dislocation, a peach-board tri- 
angular splint, giving approximately a 45 0 abduction of the arm, is 
placed in the carefully padded axilla. Pressure is made downward upon 
the dislocated clavicle and at the same time upward and backward 
pressure is made upon the shoulder until the reduction Is complete. A 
felt pad is then placed over the acromioclavicular joint, and a firm 
strap of moleskin adhesive fs placed around the shoulder over the pad 
and thro ugh the triangular peach-board splint, binding the angle of 
this splint tightly into the axilla The triangular splint Is held firmly 
to the aide of the body by moleskin strapping and the arm is likewise 
strapped to the other leg oi the triangle. The elbow is left free for 
movement After two weeks the strappings are removed, and with the 
shoulder held in an elevated and backward position, massage is given 
to the arm and shoulder girdle. The splint is then reapplied. The 
patient Is asked to report every third day for this massage treatment 
After four weeks very slight passive and active motion can be started 
in the shoulder joint. The elbow Is left free from the splint and Is exer- 
cised dally by the patient After six to eight weeks the splint can be 
left off and heat, massage, and exercise applied to the shoulder girdle, 
with a view of getting complete abduction and elevation of the arm. 


Operation. — In the case of complete dislocation, especially in 
working men, It fa far better to operate immediately upon this dis- 
located joint than to attempt the prolonged immobilization necessary 
to secure a questionable result. 

Many operative procedures have been advocated for this disloca- 
tion. The best method consists of drilling boles between the acromion 
and clavicle suturing these two directly together, combined with a 
ligamentoplasty, closing the ligaments firmly across the joint. Fol- 
lowing operative procedure, immobilization upon a triangular peach- 
board or a wire splint, or the use of a regular airplane splint, Is far 
better than a Velpeau or Sayre dressing. Within two weeks following 
the operation, the massage and exercise advocated above should be 
instituted. Usually six weeks of immobilization are suffident in 
operative cases. 

Shoulder Joint Injuries 


In all Qua referred to me became of stiff or painful joints following 
injury, the shoulder joint is by far the most commonly affected eicert 
mg those numerous and aggravating conditions developing about the 
lumbar and sacro-lliac regions. In taking the history of thew cases and 
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in studying the early treatment instituted after Injury, one is Impressed 
with the fact that In the majority the stiffness is due to misguided treat- 
ment. No injury of the upper extremity, except perhaps in children, 
should be treated with the arm held adducted to the aide of the body 
for any considerable length of time. I have already mentioned the rea- 
sons for this, viz., the contraction of the strong group of muscles which 
are the adductors and the overstretching and atrophy of the weak group 
of muscles, viz., the abductors, involved in the shoulder-joint move- 
ment. 

Direct Causes of Loss of Function. — In tra -articular Tea uua. — 
Traumatic arthritis . — This is the most common direct Injury within 
this joint. It can result from falling upon the extended hand, in which 
the head of the humerus is forcibly jammed against the glenoid fossa. 
Early x-rays are usually negative. X-rays taken from three to six 



weeks later will show the arthritic changes. muallv 
within the joint. Occasionally this injury U follnwtJ 
within the Joint which gradually limit tZe function nJ? 
upon movement Thu condition Is frequently mistakoHM-'^McJmM 
bmohis. Fortunate], the treatment o ? both I. n 

tbe same. However, failure to reccgnlte the possibnte.^t PI 5S5 UIy 
forming within tbe Joint has accounted for Jyhfon u> 
covery In one most important case. 10 wcure rc * 


Tubes culoos AsTnsmB.— Tuberculous arthritis t, ... 

mon within tbe shoulder Joint it may follow a definite hSL^Th!' 
jury, although Injury Is not the chief cause of this conditto? * ^ 
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Suppurative Arthritis. — Primary suppurative arthritis of the 
shoulder joint is comparatively rare. Suppurative arthritis does occur 
and it is usually an extension of the purulent process from infected 
axilla ry glands or, as in one of my cases, from a severe hand Infec- 
tion with no sign of suppuration within the axilla, but with a definite 
ahoulder-jofnt suppuration. In two recent cases metastatic abscesses 
formed in the shoulder joints in generalized septicemia (Fig. 7 ). 

Sarcoma. — Sarcoma, especially chondrosarcoma, may develop pri- 
marily within the shoulder joint. In two of my cases it followed a his- 
tory of definite trauma and in one of these it seemed definitely re- 
lated to the trauma (Fig. 8 ). 


F» 6. — Cut of mama of the wcmkler. Pi dent (art history of beta* struck oe the 
shoulder ten d*y» prior to presenting himself for treatment. The tumor tru fir 
winced and undocWedly of longer duration than ten days. 


AsncuxAfi-PzEiABTicuLAB Tmuihj.- 1 The artfcular-periartfcnlar 
traumas which can result in loss of function in the shoulder Joint are- 
Fractures of the anatomic or surgical neck of the humerus fracture" 
dislocation* of the head of the humerus, fractures of the scapula 
attending into the glenoid fossa, and dislocations of the head of the 
humerus with tearing of the capsule. 
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Burs ms, Tenosynovitis. — Bursitis of the subdeltoid bursa, when 
this communicates with the joint, and tenosynovitis of the long bead 
of the biceps which communicates with the joint, are a far more fre- 
quent cause of shoulder-joint disabilities than ore usually recognized 
(sec Fig. 5). 

Sprains. — Sprains of the shoulder joint arc not commonly diag- 
nosed, but are undoubtedly quite freauent. A sprain with a partial 
tearing of the ligaments and capsule about this joint is so frequently 
accompanied by a dislocation or by a bursitis or a tenosynovitis that 
these latter conditions are usually diagnosed. However, sprains are 
not at all uncommon. For example, a man may attempt to jump on 
a fast moving street car with the result that his arm is forcefully 
jerked forward. I have seen such an aeddent result in a pure sprain 
of the shoulder joint. Likewise, I have seen such an aeddent resalt 
in a tearing of the roots of the brachial plexus; in another case. In 
an anterior dislocation of the shoulder. 


Indirect Causes of Loss of Function. — The Indirect arthritlc- 
periarthritic injuries which cause loss of shoulder-joint function are: 


Pain. — Limitation of motion in this Joint due to pain, often results 
in loss of function. This may follow a sprain, severe axillary infection, 
and similar causes, the pain causing the patient to hold the arm In a 
fixed adducted position until the soft tissues about the shoulder joint 
have become contracted, -and results In an adhesive periarthritis and 
even arthritis. Not infrequently following rather minor injuries in and 
about the shoulder joint and the upper extremity, the patient is 
allowed to carry his arm in the position of greatest comfort, that is, 
in the adduction position or adducted and held in a sling. There Is 
no evidence of shoulder- joint Involvement, and usually none Is pres- 
ent; yet the physician Is surprised after a few weeks to find the 
typical loss of abduction and elevation function which be so well 
knows bow to avoid in the more severe Injuries involving the shoul- 
der or upper extremity. 


Fractures— Fractures in the shaft of the humerus or in some 
bone of the upper extremity necessitating prolonged fixation may 
result In loss of function due to long immobilization of the shoulder 


joint. 

I have already referred to the dangers of applying large hot fomen- 
tatfons to the upper eitxemtyfor > hand Infection with the am 
adducted at the side of the body Ukewue I have referred to the 
danger of binding the arm to the side ol the body In breast amputa- 
tions. 
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Brachial Plexus Injuries. — Brachial plexus injuries usually 
result in complete loss of shoulder-joint function with a loose, flail 
shoulder joint due to atrophy of the muscles and soft tissues protect- 
ing this joint. 

Infections. — Infections anywhere in the upper extremity or the 
axilla, or a subpectoral abscess, may extend into and involve the 
shoulder joint. 

Arthritic Periarthritic Ankylosis. — Complete bony ankylosis 
of the shoulder joint is rare except in cases of tuberculosis of this 
joint. Occasionally there is bony fusion between the scapula and the 
head of the humerus and the acromioclavicular joint which may 
demand an arthroplasty; otherwise arthroplasty in the shoulder joint 
is exceedingly rare. 

Fracture of Tuberosity of Humerus. — Fracture of the greater 
tuberosity of the humerus with displacement upward of the tuberosity 
and union in this malposition may result in a partial limitation of 
motion due to mechanical impingement of the tuberosity under the 
acromion. 


Stiff Joint. — Stiff Joint due to involvement of the soft tissues 
usually follows contraction of the capsule, contraction of the liga- 
ments, or contraction of the strong adductor group of muscles as 
already referred to in my classification of Joint injuries. 

Scars. — This stiffness may be caused by accidental or operative 
scars about the joint, by the fibrous adhesions within the joint follow- 
ing infection or a traumatic arthritis, or by infection within the 
bursa with adhesions between the bursa and the synovia and adhe- 
sions between the synovia and the joint capsule; and, finally, a 
general fibrosis about the joint may be the cause of the soft tissue 
ankylosis. 


Treatment. — Immobilization. — Whenever feasible (and in the 
majority of cases it is) all injuries of the upper extremity requir- 
ing immobilization, especially in adults, should be treated with the 
arm held in more than a 45° abduction position. The longer the 
immobilization, the greater the degree of abduction, and In cases of 
prolonged immobilization, both right-angle abduction and external 
rotation of the forearm are indicated. This principle of splinting the 
upper extremity to avoid soft tissue ankylosis of the shoulder joint 
is so thoroughly understood by the majority of the profession that it 
seems needless to emphasize this point so greatly. However there are 
a great many physicians still wedded to the Velpeau and similar ban 
dBgra In fractures of the davide, acromioclavicular dislocations shoul 
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der-jolnt dislocations, sprains of the shoulder Joint and similar injuries 
(Fig. 9). These physicians will secure far better and quicker results 
with fewer cases of permanent disability ff they will adopt this well- 
proved method of splintage in the abduction position (tig. 10). 





Treatment 
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Thomas Arm SpUnt . — A Thomas arm splint with traction affords 
another excellent means of preventing loss of function in injuries of 
the shoulder joint and humerus. By means of the Thomas arm splint, 
right angle, or greater, abduction can easily be obtained. By the use of 
pulleys, the patient can change the position of the arm frequently. 
Traction by means of adhesive or moleskin adhesive strips applied to 
the upper arm and attached by means of a guide either to the lower 
end of the Thomas splint or to weights which run through a pulley 
inserted to the end of the splint is the commonest form of traction 
used. The mistake is frequently made of applying these traction strips 
across the elbow and down to the forearm. The immobillted elbow very 
early develops stiffness and more physical therapy treatment is often 



Flo. ii — Fracture of *orekal neck of the butnena Mpended to a Tbnmi. arm ipflnt 
with th* arm fa the abduction podttoo. Tbe adherfv* atrip* for traction are appfkd to 
tha upper arm, learto* the dhow free for exerdae. 


required to restore function In tbe elbow than in the injured shoulder 
joint. Therefore these traction strips should be attached only to the 
upper arm, leaving the elbow free for exercise (Fig. n). Skeletal trac- 
tion by means of cither a caliper or a wire passed through the lower 
end of the humerus offers one of the best means of traction, especially 
in fractures. Jones’ splints and other forms of traction tmlints may 
be utilized, especially for ambulatory treatment. 3 




Shoulder Joint Injuria 

The fracture U reduced and held In position by an aBbtnnL An t under- 
pin or a woolen bathing suit or even sheet wadding Is Pjaced about 
the body o( the patient and around the injured arm, which is held at 
right-angle abduction. Two or three layers ot plaster are now applied 
around the arm, shoulder, and body down to the waist. A triangular 
brace, usually made of steel or wire, is now placed next to the piaster 
with one leg of the triangle against the piaster at the side ot the body, 
one leg on the under surface of the arm down to the elbow, and the 
tone lee of the triangle extending from the elbow to the lower end 
of tie strip along the body. This nets as a brace to hold the arm sta- 
bilised In the abduction position. Plaster is now placed around the 
steel triangle and the arm, shoulder, and body until a firm cast » 
arm lied. With only a few exceptions, the roof of this cast— -that is, 
the portion on the upper half of the arm and shoulder — should be 
removed within two weeks. This leaves at least half the arm ex- 
posed for heat and massage. In certain cases the arm Is externally 
rotated, and in this event the forearm must be protected by nn addi- 
tional platform. As a rule, the forearm is not encased in the plaster; 
thus the elbow Is left free for exercise. After four weeks the arm can 
be elevated from this plaster gutter or splint sufficiently to allow mas- 
sage of the under surface and assisted active exercise of the shoulder 
Joint In the majority of fractures, within six weeks almost complete 
elevation of the arm is obtained. In from six to eight weeks this plaster 
cast or splint is completely removed. At first the patient will not ad- 
duct hia arm completely to the side of his body, but gravity alone soon 
overcomes this difficulty. 


Phybical Therapy. — Heat, massage, and early active exercise (not 
only of the shoulder Joint, but of every joint In the upper extremity, 
Including the scapula), and early contraction and relaxation exercises 
of the muscles, followed shortly by assisted active and later by active 
exercises, are vitally important in the prevention of loss of function 
in all Injuries where splintage or a plaster cast Is indicated. 


HI CENT DISLOCATION a OF SHOULDER JOINT 



nr make a rignt-nngie __ u . 

Z, adhesive plaster, pad this wen and apply It to the aide of tie body 
"L nodes the arm, thus lmmobllking the latter at a right angle. I s« 
,he oatlent every day l°r two weehs, the shoulder joint massage 

urisxerdse and gradually elevating the arm completely above the 
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bead. Such a case can usually be discharged as cured at the end of 
three weeks. 

Wasting of the muscles about the joint frequently follows shoulder 
dislocation. Massage and active use of the limb are the greatest pre- 
ventives. This wasting of muscles makes dislocation prone to recur 
several weeks later. Immediate recurrence by active use is rare. 


SPRAINS 


A sprain of the shoulder joint of sufficient severity to cause pain 
on movement and swelling about the shoulder girdle is of sufficient 
Importance to demand careful treatment In' any physician. Rest in 
bed with the arm held at the right-angle abduction position by pul- 
leys or a sandbag and with large hot fomentations about the shoulder 
girdle with daily massage and light assisted exercises, increasing the 
range of the movement of the shoulder joint dally, will result in re- 
covery from this condition within two weeks In the majority of cases. 
Instead of the hot fomentations, an infra-red baker may supply the 
beat to this joint, or, if available, diathermy will be the best means 
of supplying heat and relieving the pain, not only in sprained shoul- 
ders, but in other sprained joints. 

As a rule the majority of patients temporize with this condition, 
thinking at first that it is not serious. Such a patient carries his arm 
close to his body, complaining of pain whenever he tries to elevate 
the arm sufficiently to put on his coat, and does not consult a physician 
until two or three weeks have elapsed from the time of injury. These 
patients require more prolonged treatment to overcome the disabling 
condition than do those who are treated early. The acute symptoms 
have subsided and it is almost Impossible to have such a patient go 
to bed, although treatment can be carried out far more easily when 
the patient Is at rest. Ambulatory treatment is usually necessary. 
Some form of airplane splint or a woven- wire triangle splint or a 
peach-board triangular splint placed along the side of the body and 
in the axilla in order to bold the arm in the abdnedon position Is 
necessary. The amount of abduction should be increased every few 
days until the arm is not only abducted but elevated to more than a 


right angle. These patients should report to the physical therapy 
laboratory for treatment. Here heat In the form of infra-red lamps, 
diathermy, or hot fomentations should be given to the shoulder for 
at least 30 min., followed by 30 min. of massage, by 30 min. of as- 
sisted active exercises, and later by active exercises. If the weather 
is cold, the arm and shoulder should be wrapped in flannel until 
the patient reaches home, when heat in the form of a hot water 
bottle, an electric pad, or an Infra-red light should be applied bv the 
patotMvtral times a day, combined with light but ever-increasing 
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TRAUMATIC ARTHRITIS 

Traumatic arthritis of the shoulder Joint Is best treated by rest in 
bed with the arm held In an abduction position with traction applied 
to separate the Joint surfaces, combined with heat, massage, assisted 
active exercises, and later, active exercises. This treatment must be 
persisted In until all pain on movements has disappeared and until 
complete shoulder-joint function has been restored. Failure In this 
condition, as well as in many other of the less serious conditions about 
the shoulder Joint, Is due to loss of interest by the pbysidan and lack 
of persistence in the physical therapy treatment until the condition 
is completely cured. 


BURSITIS AND TENOSVNOVITIS 

Bursitis and tenosynovitis about the shoulder joint nre both treated 
as outlined for the treatment of sprains. Here again the earlier the 
treatment Is instituted for the injury to the bursa or the long bead of 
the biceps, the more rapid win be the recovery. The majority of these 
patients are seen late. They are comfortable as long as the arm is held 
idle in the adduction position at the side of the body. It Is only when 
the patient attempts to abduct it more than 30° or when he mates cer- 
tain movements, such as putting on a coat, that pain and discomfort 
develop. The time of treatment with recovery is double the length 
of time elapsing since the injury. Proper splintage in the abduction 
position to protect the weak group of muscles, with heat, massage, and 
graduated exercises, is the treatment indicated. 


fracture-diblocatidns 

Fracture-dislocations of the bead of the humerus are extremely 
difficult problems. Open operation Is often necessary and consists of 
&rst replacing the dislocated head and then bringing the shaft into 
proper alignment. To do this, the shaft of the humerus must be 
brought to or above a right-angle abduction position, for the frac- 
tured surface of the bead practically always points outward and 
slightly upward. The arm : should be held in this abducted position 
by an airplane plaster caM, which is changed within two weeks into 
an airplane plaster splint by removing the roof from the cast. 

X have seen one rase of a fracture through the surgical neck of 

the *** brought into 

apposition with the bead, which pointed outward and upward, the 
fractured portions united by kanganw gut, the wound dosed, and 
then the ana placed In a cast in an adduction position at the side of 
the body. This pwM» '[ £™hately P^ed the shaft down- 
ward and at a right ^?^cJo the h«ul Union occurred in this posi- 
tion, and as a result the patient had a marked limitation of motion. 
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He could abduct his arm only about 25 0 and then the callus would 
impinge under the acromion process and prevent elevation of the 
arm. The man was allowed an 85 per cent loss of the arm by the 
Industrial Commission. The case was referred for reconstructive opera- 
tion. The excessive callus was chiseled away, the point of right- 
angle union between the head and shaft was chiseled through, and 


D 


Fkj. i j. — A, fracture of nurlcml neck of the hocnena treated, fa Hearing operation, 
with the arm iddnrted to the »Jde of the body. Union occurred with tbe shift it rifbt 
to the bead of the humerta, remhln* in in 85 per cent Law of function, ft, um» 
cue toUowln* operation, with the irm bnmfht Into «Hpmrat with th* gi the 

hntnena. C, ome c»*e three manthi liter thawing complete nclm /)_ pm*. cm ihcwinj 
imount of function d'e moothi liter the operation Two >«ra Uter there vu prac- 
tidily complete function 


then the shaft teas brought into an extreme abduction-elevated posi- 
tion In order to align and approximate It lo tbe fractured surface of 
tbe head. Union resulted and tbe patient’s disability was reduced to 
J S per cent by tbe Industrial Commission. Tbe patient now has or 
per cent of function in his shoulder joint (Fig. is). Failure to observe 
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this principle of abduction and external rotation position in treat- 
ing fractures in and about the shoulder joint makes reconstructive 
surgery frequently necessary. 


CONTRACTION OF CAPSULE 


Contraction of the capsule with firm fibrous adhesions in and about 
the joint sometimes warrants operative procedure. The shoulder joint 
Is the best example of this condition. The capsule can be well ex- 
posed by an Incision along the anterior border of the deltoid musde, 
and should then be incised in a vertical line, and traction on the arm, 
with retractors holding the margins of the capsule apart, will reveal 
the adhesions in the joint. These can be thoroughly removed. The 
wound in the capsule should not be sutured, as after the fascia and 
skin are sutured, traction on the arm tends to elongate the capsule. 
In other words, the vertical incision in the capsule is pulled somewhat 
into a longitudinal incision. The traction on the arm also separates 
the joint surfaces, tending to prevent reformation of the adhesions. 
Again, one must remember to hold such an arm in the abducted and 
somewhat elevated position and to start early heat, massage, and 
active motion. 

RECURRENT DISLOCATIONS 


Recurrent dislocations of the shoulder joint require operative pro- 
cedure. Fortunately, as a rule these occur fn younger individuals. 
These cases offer possibly the one exception to the abduction im- 
mobilization treatment. After one of the several methods Is employed 
for the repair of recurrent dislocation, the arm should be immobi- 
lized in an adducted or aemiadducted position. Not more than ao° of 
adduction of the arm should be allowed for a period of tvro or three 
months. To safeguard this I have the patient wear a strap around 
hfs waist and another strap around his arm just above the elbow. 
In each of these strap belts is placed a ring, one in the mldaxQlary 
Une, the other on the Inner side of the arm. A short strap approxi- 
mately six inches long with a snap on either end is snapped into 
both rings, thus limiting the range of motion to the desired distance. 
The strap is inserted through sman holes cut in the sleeve and coat. 
Massage and exerdse are likewise indicated in these cases. 


Arthroplasty. — Arthroplasty of the shoulder joint, as stab 
above, is rarely Indicated. However, I have opened the shoulder joi 
on several occasions for the purpose of removing excessive callus 
portion of the bead of the buroerus which was badly displaced at 
other fractured fragments in the neighborhood of this Wtot T1 
operation is followed by tracrioa and ^<*1 therapy with exa 
lent results in functional restoration in the majority of these case*. 
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Arthrodesis.— Arthrodesis of the shoulder joint is occasionally 
indicated in brachial plexus paralysis and other conditions resulting 
in a flail joint. Physical therapy in these cases is indicated to re- 
establish function in the muscles of the arm and forearm and In the 
elbow and wrist joint. Occasionally arthrodesis of this joint, accom- 
panied with shortening of the flexor tendons of the forearm or trans- 
plantation of the origin of the flexor muscles higher on the humerus 
and with arthrodesis of the wrist joint to overcome persistent wrist- 
drop, is indicated after brachial plexus trauma. Physical therapy, 
especially muscle- training exercises and joint reeducation, Is indicated 
in these multiple operations. 

Position of Function. — When ankylosis of this joint is Inevitable, 
the best position to give the greatest amount of function will 
be one of jo° of abduction and slight outward rotation of the arm. 
In this position the patient, with a normal elbow, can feed himself, 
comb his hair, tie his tie, etc. Every effort must be made to keep the 
scapula free and movable. This can be accomplished by daily mas- 
sage and exercise of the scapula. Scapula movement will add greatly 
to the amount of function in the ankylosed shoulder joint 

Elbow Joint 

Loss of function in the elbow joint following injury is very com- 
mon. Next to the back and shoulder joints, the elbow deformities are 
referred for reconstructive surgery most often. Excessive callus fol- 
lowing fractures Into this joint; proliferation of tags of periosteum; 
the formation ol myositis ossificans; and the general fibrosis of the 
bursae, synovial sheaths, ligaments, and soft tissues following pro- 
longed fixation, all occur more frequently and more rapidly In the 
elbow joint than in any other joint of the body. 

Prevention of Loss of Function. — Several observations applica- 
ble to many Injuries of the elbow are necessary to prevent the com- 
mon causes for deformity in this joint. 

Avoidance of Forcible Manipulation. — The elbow tolerates very 
badly forcible manipulation under anesthesia, the so-called brisement 
ford. The periosteum in and about this joint tears very easily and Is 

C ie to proliferate. A soft tissue ankylosis is rapidly changed into a 
y ankylosis by forcible manipulation even when gently applied. 
Therefore the longer, more tedious method of slow, gradual movement 
obtained by the various physical therapy maneuvers is far better. 

Avoidance of Prolonged Fixation.— Prolonged fixation of the 
elbow joint is very prone to develop fibrous ankylosis, and If there has 
been ever so slight a bone injury, bony ankylosis is probable. For this 
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reason the application of circular plaster casts to the arm so as to 
include the elbow should be avoided as far as possible. When a cast 
is necessary, two weeks should be the longest period of leaving it in- 
tact, except possibly in tuberculosis of this joint and In certain un- 
united fractures that will not tolerate mobilization. The cast should 
be chan ged Into a splint by removing its upper half at the end of two 
weeks and massage and heat should be started. By the end of three 
weeks, even in the worst fractures, slight active motion should be 
begun with the splint removed; it can then be replaced for further 
wearing if necessary,'. The surgeon should perform the early mobiliza- 
tion of this Joint, trusting the work to the technician only after sev- 
eral instructions In the particular methods to be used have been given 
In each case. 

For the same reason the elbow joint should not be included in ad- 
hesive strips applied to the arm for traction. The fbmtlon of the joint 
by means of traction strips, although not involved in the original 
mjury, soon results in a soft tissue ankylosis (see Fig. n). 


Ceastno Manipulation at Pam Point.— T he rale never passively 
to manipulate a joint beyond die pain point Is especially applicable to 
the elbow. Repeated semi forcible flexions and extensions of the stiff 
elbow can cause an inflammatory reaction which results in a fibrosis, a 
myositis ossificans, or excessive bony proliferation in and about the 
joint. 


Rapid Reduction of SwELiMo.-Escesslve swelling about the 
elbow jomt from hemorrhage, transudate, and exudate following severe 

^ P^rnt. Every effort must be 
made to reduce Uils swelling rapidly, otherwi* fibrosis from tils done 

y® ^ no ma «' r how well tie Joint in- 

jury ie treat'd- To be satisfied with the application of ice-bags to such 
a swelling, awaiting a week or 10 days for It 

dent The whirlpool bath, light t^T D °‘ ^ 

baths, and, if necessary, 'vacuAtionolU^’hematoma ^ 

by a small Incision, must all be tried in Kane of the^f Kafc 
cases. 


Eably Removal or Feactueed Fbaokente tl n. , . , 
tolerates operative procedures better than most joints- it, , 9 l™" 1 
tnred fragments which, due to their malposldra or 
they are loose In the Joint, should be removed earlv hv ^ h ,ct that 
Joint mice are rather common in the elbow and can ° pCra , 

Do not be over-tempted to manipulate the stiff tol„ t mnov ' d - 

while performing these operations. Removu the tth.t^T “’ Mth » 1 a 
Joint motion and then depend upon physical therapy to 
lion. * ' 


g cause to 
restore func- 
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Attention to Minor Injuries. — The possibility of a multiplicity 
of Injuries in severe direct trauma to the elbow makes it dangerous 
for the surgeon to be satisfied with the diagnosis of the major injury 
and to direct his entire attention to this major condition. Thus the T- 
fracture through the condyles may be the major injury, but accompa- 
nying this there may be a severe traumatic arthritis, a damage to the 
synovia which extends downward to the synovia surrounding the radio- 
ulnar articulation, a tearing of the attachments to the humerus of the 
strong flexor muscles of the forearm, an injury to the olecranon bursa, 
or a late development of a musculospiral nerve injury with an insidi- 
ous wristdrop which the surgeon is liable to overlook unless be is 
watching for every possibility and is not satisfied only with the excel- 
lent reduction of the fracture, the major or most apparent Injury. Not 
infrequently with a definite fracture there is a tearing of the joint 
capsule and a partial dislocation of the bead of the radius. This may 
jump back in place and never be diagnosed until later, when It is found 
again subluxated. 

Care tn Taxing X-Rays. — X-ray mistakes are not at all uncom- 
mon in conditions in and about the elbow. Failure to retake x-ray films 
results in failure to diagnose the myositis ossificans which is respon- 
sible for the loss of function, or of the traumatic arthritis which is 
slow to show x-ray evidence. 

In a recent case the x-ray revealed a fracture of the ulna four 
Inches below the elbow joint. The film first taken included the elbow 
joint. No pathology was seen In the elbow. After the fracture was re- 
duced and a posterior splint applied, a second x-ray was made. This 
one did not Include the elbow joint The fracture was well reduced 
and I was satisfied. After a week the patient was allowed to go to his 
home in a distant city and his family physician was instructed to re- 
move the splint and give massage every other day and slight but in- 
creasing active exercise to the elbow after two weeks. At the end of 
eight weeks this patient was returned to roe because the elbow was 
stiff. A prominence over the bead of the radius made me suspect a dis- 
location and the x-ray confirmed this diagnosis. We reexamined our 
early x-rays and found no evidence of the dislocated head of the radius 
in the first films, and the second films had jailed to include the elbow . 
It is possible that in reducing the fracture we caused a complete dis- 
location of this radius which had been subl united and then returned 
to normal position at the original injury. Failure to include the adja- 
cent joint In the x-ray film will cause one to miss these less apparent 
injuries. 

Treatment— Acute conditions oi this joint and fractures and dis- 
locations are dealt with in other chapters; therefore, emphasis wfl] 
t0 ^ conditions resulting in deformity and loss of 



44 J 

^ i LtoIie* n 


Elbow Joint 


TRAUMATIC ARTHRITIS 

A fall on the extended hand may result In a traumatic arthritis In 
this joint as well as In the shoulder joint. All the early symptoms may 
point to the shoulder and the condition In the elbow may be over- 
looked until stiffness and pain call one's attention to this latter joint. 
Late development of arthritis in the elbow following ony direct in- 
jury is not at all uncommon. This joint Is quite prone to develop 
hypertrophic synovitis or osteochondritis dlsscirans, the formation of 
joint mice. 



Fm. 13- — ProDIcnlloo of pcrVatrom and myoaftb OMUkan* , 

the rtbow Joint following forcriul * 


A patient presented htasdf with a swollen, painful dhow which 
had resulted from falling down stairs the day before? S 

vaaled a loose mm-able bone at the inner ^ m £ 

a history of n fradure ol the ow^end of the humerus ,0 yeai? nreirf- 
ously with a stiff ‘bowed the loiTw^nf 

to be a joint mouse which had popped out of the lomt7?,u^i 
other similar bodies were present within the John. Theri ™ 
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deuce of recent fracture. An incision was made over the inner aspect 
of the elbow and six fairly large joint mice were removed. Almost com- 
plete function was restored to this elbow. 

Another patient fell on her extended hand and suffered a fracture of 
the head of the humerus. This was treated excellently by one of my 
former associates. After six weeks she began to complain of pain and 
stiffness in the elbow which bad not been immobilized during the treat- 
ment of her fracture. An x-ray was negative. The physidan placed this 
patient under a general anesthetic and manipulated her elbow. This 
was followed by a marked reaction. Two months later he referred the 
patient to me with a completely ankylosed elbow. The x-ray showed a 
marked proliferation of periosteum and a myositis ossificans. This pa- 
tient refused operative treatment. Physical therapy offered little hope 
and she has been permanently crippled in this arm (Fig. 13). 

Acute . — The acute arthritis following trauma is often the result of 
a Joint injury plus a metastatic infection from a distant focus. This con- 
dition should be recognized early and treated by: 

(a) Heat: Hot fomentations, infra-red lamp, an electric baker, or 
a hot whirlpool bath. Do not let the joint cool off between applica- 
tions of heat 

(b) Massage: Gentle stroking and following always the application 
of heat 

(c) Exerdse: Usually active, as the patient will not move the joint 
beyond the pain point and therefore will do no damage. He should 
be supervised so tixat he will exercise the joint several times each day 

(d) Splints or casts are not indicated 

Chronic . — The chronic arthritis must be treated in a similar man- 
ner, but first one must ascertain whether the loss of function Is due 
to bony Impairment. Traction is often indicated in these chronic 
cases but should be removed two or three times each day for active 
exerdse and should not Interfere with the application of beat and 
massage. Splints or casts are never indicated. Joint mice and bony 
obstructions can readily be removed from the elbow joint 


PURULENT ARTHRITIS 

Purulent arthritis is not so common in the elbow as in the shoulder, 
knee or hip. It is usually due to hemolytic streptococcus or staphylococ- 
cus. It may become severely involved following Injuries to the forearm 
with extension of the infection into the elbow especially in a case of 
gas bacillus — Welch's bacillus infection. I have seen severe abscesses 
Of Oils Joint in two cases of late operation for correction of function 
r f 8 ***?*^. w “ * Hght kfection present at the time 

of the original injury, but these tad completely subsided and several 
weeks tad elapsed before operative treatment was attempted An 
other case of severe purulent arthritis followed operative treatments 
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an osteomyelitis of the distal end of the humerus which resulted from 
the use of a Lane plate. Drainage by either one or, better, two lateral 
incisions or by a posterior lateral indslon along the olecranon is abso- 
lutely necessary. Drainage tubes through the Joint are contraindicated. 
Early movement will tend to keep the incisions open, will stimulate 
drainage, and will promote maintenance of Joint function. Traction 
is often used to keep the joint surfaces separated but should be re- 
leased for movement several times each day. 

As soon as the acute condition has subsided, great attention must 
be given to the restoration of function. Heat (electric baker or infra- 
red lamp, alternating with hot fomentations); hydrotherapy (the whirl- 
pool bath or a local arm bath) ; massage of both the forearm and upper 
arm and later massage of the joint; and daily Increasing active exer- 
cise are all necessary. It may be advisable to rig up a pulley apparatus 
with weights which will aid the patient in securing the needed exercise 
— the pm ley attached to the foot of the bed when extension is desired 
or to the head of the bed for flexion exercises, or both, when flexion 
and extension exercises are wanted. 


DISLOCATIONS OF ELBOW 

Dislocations of the elbow are dealt with in another chap ter. After 
the dislocation Is reduced, the attention of the surgeon must be di- 
rected daily to the restoration of function. After reduction, a posterior 
splint with the forearm at right-angle flexion is usually applied. If 
the patient is kept In bed. no splint Is necessary. The day following 
reduction, the splint should be removed by the surgeon who grasps 
the arm and forearm just above and below the elbow and steadies it 
while the patient is encouraged to attempt slight active movement 
If marked swelling Is present after reduction, a large hot fomentation 
may be used instead of the plaster splint This can be kept hot 
by »jTOiging hot ■"'‘“too tte dressing at two-hour periods. Each 
day the Joint protected by the surgeon or a trained assistant while 
a second assistant or technician massages the arm, elbow, or forearm, 
and then the patient ew roses it Alter ro days such a patient enn 
usually be turned over to a trained technician for bent mSaastc and 
cx^U.tudly by the end of three week, . funSd^Ti’s^ 
tained. Thu Is o marked improvement over three week. 
lion in a cast or splint, followed by weeks 

efforts nt massage to overawe the stfffnesa which folta^^lm.Td 

ssssk&s — - “ -saws 
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Fractures are Utewfse dealt with in another chapter tw. 
certain fractures, however. In and about the elbow tKu to E 


are 

* o invariably 
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result in loss of joint function unless certain preventive measures are 
adopted that reference must be made to them. 

SUPRACONDYLAR FRACTURE OF HUMERUS 

A supracondylar fracture of the humerus in young people may well 
be treated by the hyperflexion method and left in a cast for two weeks 
without any dire result to the elbow. In older individuals, however, 
this hyperflexion method must be handled cautiously. Whenever such 
a fracture is bandaged with the forearm markedly hyperflexed, a pos- 
terior splint should be applied which can readily be removed after 
the third to the sixth day for massage and very slight but definite 
joint exercise by the patient. Before giving this massage the surgeon 
can grasp the forearm, hold It hyperflexed and protect the fracture, 
and immerse the flexed elbow in a very warm local arm bath. 

Daily after this the splint should be removed, and heat, water bath, 
massage, and alight but increasing active exercise should be instituted. 
Only general rules can be given and conceivably some of these frac- 
tures are so severe that longer time must elapse before this is begun, 
but it is surprising bow early, and how much, flexion and especially 
rotation of the forearm can be developed In these cases within the first 
three weeks. Seldom is it necessary’ to maintain the extreme hyper- 
flexion for more than two weeks. The forearm can then gradually be 
unfiexed and a new splint, if necessary, reapplied at this angle as 
flexion decreases. 


FRACTURE OF HEAD OR NECK OF RADIUS 


Fracture of the head or neck of the radius seldom needs immobiliza- 
tion by a plaster splint and never by a plaster cast. In several cases of 
fracture of the head or neck of the radius without dislocation and 
only slight displacement of the fragment I have started immediate 
active motion. A loose cotton padding held In place by a bandage is 
placed about the elbow for the first week and the patient is encour- 
aged to move the elbow joint and rotate the forearm within this pad- 
ding and bandage. After a week no dressing is applied and dally treat- 
ments of heat, whirlpool bath, massage, and active exercise are given. 
In between these treatments the patient is encouraged to flex and ex- 
tend and rotate the forearm but never beyond the pain point. After 
four weeks, such a patient is given more strenuous exercises to do and 
the surgeon can prescribe mechanical exercises that more forcibly 
begin to flex and extend the forearm to, but not beyond, the pain 
point Usually complete union and full function have been restored by 
the end of she weeks. 3 


I can see no reason for splints or casts in the majority of these 
tmalier fractuxes, about the elbow joint. Certainly II a splint is applied, 
it should be removed often for massage and exercise and should new 



Elbow Joint 


48 [3KEA 

be worn for more than two weeks. This applies to linear fractures of 
the head and neck of the radius, fractures of the coronold process of 
the ulna without displacement, and cpicondylar fractures with very 
little displacement 

FRACTURE— DISLOCATION OF HEAD OF RADIUS 

Open Operation. — Partial, slight dislocations of the head of the 
radius can successfully be treated as described above. Complete dislo- 
cations following a fracture through the neck of the radius should be 
treated by open operation with complete removal oj the dislocated 
head and suture of the incision without any undue manipulation in 
the wound (Fig. 14). , . , , . . . 

I have made an Indsion and then carefully replaced this dislocatea 
head of the radius and have followed this by careful physical therapy, 
but within a short time complete bony ankylosis has developed. I have 


F». 14 — Fnctuir ind complete diUoorton of the he»d of the 



reduced the dislocated bead without an Incision and had the same 
dire result. This has been the experience of so many surgeons that 
practically all agree that removal of the dislocated head is the safer 
procedure. However, some authors still describe the technic of open 
operation with replacement of the dislocated head. I would advocate 
removal in all adults. Possibly In children the replacement can be done 
successfully. In children the partially dislocated fragment can be left 
in situ far safer than in adults. 

I have overcome 10 a tiu elbows by the late removal of this dislo- 
cated bead followed by 6 . t “'S weeks of physical therapy. I have suc- 
cessfully removed the dislocated head of the radius without the ac- 
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companying fracture in three cases to relieve stiff elbows. In a fourth 
case of recurring dislocation of the bead of the radius I removed it 
and within two weeks the patient had full function in the elbow. 

Following removal of this dislocated head no splint or cast is neces- 
sary. Heat, massage, and active exercise are started at once or at the 
end of 24 hr. In early cases full restoration of function is usually ob- 
tained by the end of 4 weeks. One patient, a brakeman, returned to 
his work within six weeks. In old cases the physical therapy must be 
persisted in for a longer period and always until practically complete 
function is restored. 

FRACTURE AND DISPLACEMENT OF CORONOID PROCESS OF ULNA 

This is a rare condition, but it occurs oftener than the literature 
would lead one to believe. It is very easy for this fractured portion of 
the coronoid to slip into the elbow joint and to act as a definite ob- 
struction to movement It should always be removed, usually by a 
lateral approach to the joint Following removal of this fragment no 
splint or cast is necessary, but heat, massage, and exercise as already 
described should be instituted at once. 


FRACTURES OF OLECRANON 

Many stiff elbows following treatment of this fracture have been 
referred to me as well as cases of nonunion of the fragments. It Is note- 
worthy that in three cases referred there was more complaint on the 
part of the patient from the stiff painful shoulder than from the olec- 
ranon. In each of these the fractured olecranon with its splint or cast 
had been carried In n sling without any thought given to the prolonged 
adduction position of the upper arm and its accompanying contrac- 
tion of strong adductors and the fibrosis occurring about the capsule 
and ligaments of this joint. 


Closed Reduction. — The usual treatment of a fractured olecranon 
Is closed reduction with the forearm held In an extended position and 
a posterior splint applied to maintain extension. If too early passive or 
active movement starts, the fragments wffl be separated and nonunion 
often results. Prolonged extension fixation, of more than three weeks 
In adults, usually means a stiff elbow from fibrous adhesions and con- 
tractions and will require weeks and months to overcome. Thus one 
is often between the devil and the deep sea. 


Ofin Operation. — To overcome this difficulty most surgeons advo- 
cate open reduction and suture of the fragments bv various methods 
especially If there Is separation. After this operation, extension fixa- 
tion b Indicated, but paaalve and active movement can usually start 

earlier without as great danger of displacement and nonunion. 
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In four cases of fractured olecranon with the fracture line extend- 
ing through anywhere from the Up to the middle of the olecranon, I 
have treated the displaced fractured fragment as advocated for the dis- 
located head of the radius, vir.: An Incision is made directly over the 
olecranon process, the fascia and tendon of the triceps are exposed 
and, although these are usually torn, they are carefully preserved and 
separated from the fractured fragment. The displaced fragment is 
then completely removed and thrown away. The joint Is evacuated 
of any hematoma that may be present. The tendon of the trkeps fa 
then carefully sutured to the attachments of the tendon and the perios- 
teum on the re m a ining portion of the olecranon process. The fascia fa 
likewise carefully repaired. The skin Incision fa dosed. Catgut fa used 
for the buried sutures and silk for the skin. A loose cotton padding fa 
applied about the wound and held in place by a bandage. No splint 
or cast is applied. The patient fa encouraged to shrug or to tense and 
relax his muscles and gently move the elbow an Inch or two within 
the loose dressing for the first three days. After the third day the sur- 
geon enn remove the dressing, massage the arm and forearm and upper 
surface of the dbow, and encourage very slight but gentle active mo- 
tion. This should be repeated dally, and after the tenth day the patient 
should be encouraged to increase the amount of active motion. At this 
time the patient can be referred to the technician who fa carefully 
Instructed to encourage the patient to perform more and more active 
movements. Heat, massage, and exercise and, after four week*, work 
with tools which will Increase flexion and extension should be used 
dally. 

In two of these cases which were old condition* approximately 6c 
per cent (in one) to 75 per cent (in the other—** Fig. 6a) of func- 
tlon wm obtained. In the other two cnees which were recent frac- 
ture) fall function wbs obtained end the patients were beet at 

“? e . ,n ™ °?' r ''Si" 1 The letter case 

returned to me eight months after his operation, complaining of 
numbness and *e fourth and fifth finger, Tf the Mme 

hstnd. An x-ray of the elbow revealed three separate fraement, of hone 
growfng In the tricep, tendon. One of ttewTir & tS 
and was undoubtedly responsible for the ulnar nerve swZam. A 

- - 1 “ ~ -sMfcftS 

I have found no record of this method tn the literature Tt t„ 

properly selected cases, far preferable to Ihe 2 
whkh fa so often necessary to secure union In tbeseWttl 
olecranon fracture* and tbe farther prolonged tr^H^n 
the resulting soft-dssue srifinras. One iPSJSTS?* ZX 
SSS&tf ~ ~ to guard ^ „TnT 
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HE1IO-AE THBOS I S OF ELBOW JOINT 

Hemo-artkrosis of the elbow joint frequently follows any of these 
fractures and other severe crushing wounds of this joint. Aspiration 
of the joint or an arthrotomy performed to relieve this swelling may 
be necessary. Frequently the stiff joint and the poor function obtained 
are due to this hemorrhage, transudate, and exudate, followed by or- 
ganization and adhesions, rather than to the bony Injury. Following 
the early relief of this hemo- arthrosis, heat, massage, and exercise 
should start. The joint may refill and, if so, it must again be relieved 
of this swelling which so easily can destroy function. 

CRUSHING INJURIES OF ELBOW JOINT 

Crashing injuries of the joint are not uncommon, and in one case, 
at least six fractures were present in and about the elbow joint. The 
fracture was badly compounded and became infected. Six fragments 
of bone were removed from the joint and it was left open to drain. 
Finally, after three months had elapsed from cessation of drainage, 
I operated on the patient doing a partial arthroplasty or removing 
fragments which projected Into the joint and interfered with motion. 
Within a few hours the patient’s temperature had risen to 104° F. 
(40° C.) and he developed a second very serious abscess of this 
joint (Fig. 15). 

The lesson here is that one should delay for several months any 
secondary operation upon these badly crushed joints if an infection 
has been present. 

It is surprising how badly deformed the elbow joint can appear 
following some of these crushing injuries and what good results can 
be obtained if the principles of physical therapy are followed, viz.: 
Early beat, whirlpool bath, or local arm bath; early massage; early 
active exercise, gradually increased; persistence in efforts to regain 
function. 


Aetheoplasty. — Arthroplasty is indicated In many of the condi- 
tions giving bony ankylosis in this joint. It is one of the joints that 
responds very well to this procedure; but a flnfl elbow joint can 
be far more disabling than a stiff elbow at 45° flexion of the forearm. 
In many cases it is better to consider the latter position as the desid- 
eratum rather than to risk an arthroplasty with a flail joint. However 
the great majority of cases will give excellent resulU following arthn> 
plasty. 


Following the arthroplasty there should be free flexion and extension 
of the elbow and rotation of the forearm. A loose dressing of cotton 
paddmg is applied and a posterior splint with the forearm at right- 
angle flexion is placed over this. The loose dressing will allow rarhr 
shrugging, tensing, and relaxing of the muscles which s b«mM bTaT 
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couraged. After three to four days the splint may be removed by the 
surgeon and very slight, gentle active cxerdsc allowed for a few 
moments. This should be repeated daily, but the splint is renpplled 
nfteT each session and kept on for approximately three weeks. By that 
time the range of motion of the active exercise has considerably In- 
creased. Heat, massage, the whirlpool bath, and exercises by special 
apparatus are added at the end of three weeks nnd kept up until prac- 
tically full-}oint motion has been obtained. Success in this arthroplasty, 
as in all others, depends upon the surgeon's ingenuity In working out 
methods for starting early heat, massage, and exercise and in daily 
Increasing the dosage and upon his persisting in the same until func- 
tion Is obtained (see Fig. 15 ). 



PERIARTICULAR BONY OBSTRUCTIONS 

Extension ankylosis is often due to bony deooslu in 
fossa of the humerus. Removal of the^ ^ea^tm 

accompanied refth Irregular borry growth, lnto^hTfotaTmo^ 
arthroplasty may be necessary. Rotation of the fore.™ ™ 
due to a fracture-dislocation of the head of thT^dLT^J? 
mast be removed surgically, os already indicated. ItonvJ^h^ 
synostosis may develop between the upper end of the uh£ Sd^dlw 
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which must likewise be carefully dissected out and a fasdnl graft 
placed between the remaining fragments of the two bones to prevent 
recurrence. Physical therapy is indicated at once in all these cases. 

PERIARTICULAR CONTRACTURES 

There are cases which have such marked soft-tissue contractures 
about the joint that function cannot be restored by physical therapy 
methods alone. These are the cases in which we are so often tempted 
to do a brhement ford. The usual form of deformity is stiff elbow in 
flexion position. When the biceps tendon and the brachial is anticus 
have become so contracted that they will not yield to physical therapy 
procedures, operative treatment is indicated. The Incision is made over 
the anterolateral aspect of the elbow along the biceps tendon. The 
biceps and brachialis anticus muscles are exposed and the dissection 
is carried downward until the anterior aspect of the cnpsule and the 
tendons of these muscles are exposed. The biceps tendon is severed 
obliquely and the brachialis anticus is dissected from its attachment 
to the coracoid process. The capsule may have to be cut transversely 
before extension of the forearm is obtained. Following this operation 
a posterior splint may be applied or, better, a Thomas arm splint, with 
forearm traction. The latter allows early massage and the traction 
can be released twice daffy for gentle active exercise which should 
start the day following the operation. The range of motion must be 
increased rapidly, but the extension must be maintained for three 
weeks or more to prevent recurrence of the contractures. 


FLAIL ELBOW 

Flail elbow, when it follows injury or an arthroplasty, must be pro- 
tected by a hinged splint or converted into an ankylosis by an arthrod- 
esis operation. Physical therapy is indicated here to maintain good 
muscle tone (Fig. 16). 

Position of Function. — When arthrodesis Is performed or when 
ankylosis of the elbow is inevitable, an effort should be made to hare 
the forearm in 45 0 of flexion and very slightly pronated. 


Hand and Wrist 

Whfle our Interest In this chapter is chiefly related to trauma of the 
joints, yet It is Impossible to consider these separately when It comes to 
the hand and wrist. So many Injuries here Involve more than one ioint 
and In addition, nerves, tendons, fascia, and sUn, that an article deal- 
ing with restoration of function must consider all these nosslhmile. 

Lo» of function In the hand can prove more dteKrtv ' 
Jority of people than any other dfsahling joint condition. E^ry^n^ 
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couragcd. After three to four days the splint may be removed by the 
surgeon and very slight, gentle active exercise allowed for a few 
moments. This should be repeated dally, but the splint Is reapplied 
after each session and kept on for approximately three weeks. By that 
time the Tange of motion of the active exerdse has considerably in- 
creased. Heat, massage, the whirlpool bath, and exercises by special 
apparatus are added at the end of three weeks and kept up untfl prac- 
tically full-joint motion has been obtained. Success in this arthroplasty, 
as in all others, depends upon the surgeon’s Ingenuity in working out 
methods for starting early heat, massage, anu exerdse and in daily 
increasing the dosage and upon his persisting in the same until func- 
tion is obtained (see Fig. 15 ). 



PERIARTICULAR BONY OBSTRUCTIONS 

Extension ankylosis is often due to bony denostu u *v , _ 

fossa of the humerus. Removal of the maL 

accompanied with Irregular bony growths fnuTu^T iT 1 * 11 ‘ b 

arthroplasty may be necessary. Rotation of the foi-Mm, bt 

due to a fracture-dislocation of the head ofthe™™ 

must be removed surgically. as already Indicated 

synostosis may develop between the upper end ol th» S ST^dlm 
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which must likewise be carefully dissected out and a fascial graft 
placed between the remaining fragments of the two bones to prevent 
recurrence. Physical therapy is indicated at once in all these cases. 

PERIARTICULAR CONTRACTURES 

There are cases which have such marked soft-tissue contractures 
about the Joint that function cannot be restored by physical therapy 
methods alone. These are the cases in which we are so often tempted 
to do a bri semen t ford. The usual form of deformity is stiff elbow in 
flexion position. When the biceps tendon and the brachialis anticus 
have become so contracted that they win not yield to physical therapy 
procedures, operative treatment is indicated. The incision is made over 
the anterolateral aspect of the elbow along the biceps tendon. The 
biceps and brachialis anticus muscles are exposed and the dissection 
is carried downward until the anterior aspect of the capsule and the 
tendons of these muscles are exposed. The biceps tendon is severed 
obliquely and the brachialis anticus is dissected from its attachment 
to the coracoid process. The capsule may have to be cut transversely 
before extension of the forearm is obtained. Following this operation 
a posterior splint may be applied or, better, a Thomas arm splint, with 
forearm traction. The latter allows early massage and the traction 
can be released twice daily for gentle active exercise which should 
start the day following the operation. The range of motion must be 
increased rapidly, but the extension must be maintained for three 
weeks or more to prevent recurrence of the contractures. 


FLAIL ELBOW 

Flail elbow, when it follows injury or an arthroplasty, must be pro- 
tected by a hinged splint or converted Into an ankylosis by an arthrod- 
esis operation. Physical therapy is indicated here to maintain good 
muscle tone (Fig. 16). 

Position of Function. — When arthrodesis is performed or when 
ankylosis of the elbow is inevitable, an effort should be made to have 
the forearm in 45 0 of flexion and very slightly pronated. 


Hand and Wrist 

While our interest in this chapter is chiefly related to trauma of the 
Joints, yet It !s impossible to consider these separately when it comes to 
the hand and wrist So many Injuries here involve more than one Wnt 
and In addition, nerves, tendons, fasda, and skin, that an article deal- 
ing with restoration of function must consider ah these possibilities 
, i” 3 r° 1,1 ^ h ? nd prove more disastrous to the ma 

Jority of people than any other disabling joint condition. Every inj^r 
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in the wrist or hand should be viewed by the surgeon as a potential 
crippling condition. So many hidden Injuries may be present and 
easily overlooked in the presence of n very apparent major Injury that 
the greatest acumen is necessary to discover and repair each injury 
before irreparable damage has been done. 

Loss of function In the hand and wrist may be due directly to the 
trauma or indirectly to mismanagement during the period of treatment 
Tbe latter can very easily be a matter of wrong judgment in plan- 
ning the proper surgical treatment. 
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(а) Ischemia, due to the above swelling or to prolonged or too tight 
splintage or plaster cast and sometimes due to severe crushing injuries 
of the forearm or arm 

(3) Fracture-dislocations, especially in the metacarpophalangeal 
joints ot in the carpal bones, as a fracture or dislocation, or combina- 
tion of both, in the semilunar bone 

(4) Severed tendons, especially if accompanied with a joint injury 

(5) Severed nerves, especially if accompanied with severed tendons 
and Joint injury 

(б) Extensive scar formation, such as the scars which follow elec- 
trical and other bums 

(7) Colies’ fractures, which very frequently result In deformity. 
(There Is one type of Colies’ fracture that invariably gives a de- 
formity, but all other types should give full restoration of function 
after healing. Deformity will result if there is severe crushing and 
comminution of the lower end of the radius with much shortening. 
This shortening is difficult and at times impossible to overcome; it 
results in a change in the normal arc of the joint and is usually ac- 
companied with marked cartilage injury. (Speed) The altered level 
of the radial styloid process invariably gives deformity and the in- 
jured cartilage frequently results in a certain amount of arthritis 
which is often proliferative.) 

(8) Severed tendons high up in the forearm, which will cause a loss 
of function in the hand. (likewise, excessive scar formation in the 
forearm may restrict tendon action with resulting deformity in the 
hand.) 

(9) Severed nerves anywhere in the forearm, arm, or fn the bra- 
chial plexus; nerves caught in callous or scar formation; and cord 
tumors. 

Prevention of Loss of Function. — The multiplicity of Injuries 
which may follow severe hand trauma requires common sense and 
good surgical judgment if all the contingencies are to be met. The 
question of prevention of loss of function must at all times be the 
first consideration. 


Prevention or Tenosynovitis Contractures, Thickening op 
Aponeurosis. — It is impossible to keep the hand or fingers Immobi- 
lized for any great length of time without a certain amount of fibrosis 
occurring In the soft tissues, especially in the tendon sheaths and about 
the joint capsules, resulting in a tenosynovitis, contractures of the cap- 
sule, and thickening of the aponeurosis, all of which may permanently 
restrict flexion or extension movements In the fingers or may require 
weeks and months of physical therapy treatment to overcome. Exten- 
sive, prolonged swellings of the hand can act In exactly the same wav 
as mechanical prolonged immobilization; therefore, one must relieve 
(Us swollen condition as rapidly as possible. An Ice-pact applied to 
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the swollen hand is sometimes sufficient, but if there has been hemor- 
rhage under the fascia, this method is too slow. Large, hot fomenta- 
tions are likewise often sufficient, but these hot fomentations must Dot 
be persisted in until the h a n d is water-dogged and edematous. The 
elevation of the hand, alternating hot and cold packs, the whirlpool 
bath, hot soapsuds soaks, large packs of equal parts of alcohol and 
glycerin or saturated solution of magnesium sulphate, all may be 
tried and found useful. The surgeon should begin to worry about the 
persistent extensive swelling in the hand If it Is not subsiding after 
48 hr. It may become necessary to make multiple small incisions and 
evacuate the hematoma, although this it to be avoided If at all pos- 
sible, as Infection is liable to follow the procedure. A solid swelling 
is more dangerous than an edematous swelling. The latter seldom needs 
incisions, while from the former large blood clots are often evacuated 
through incisions. 


Prevention of Ischemia. — Ischemia should be feared by every 
surgeon who applies a cast to the forearm, wrist, or band. If the hand 
and fioan become swollen, cyanotic, or blanched, or even are cold, 
and If this condition persists for a few hours, the cast should be cut 
either anteriorly or posteriorly and spread so as to relieve the pressure. 
No one should apply a cast or even double splints to the forearm and 
allow the case to go three or four days without the personal observa- 
tion 5 ^ r ^u n - easier for Ischemia and its subsequent 

contractions to develop than many physicians realire. Many ischemic 
contractions are never overcome, leaving the patient crippled for life. 

I^EVENnoN or Contractures Following iNrecnoNS.-Msny 

fSta to lmttruct tbe'pTtient 
fomentations should not be continued too 

changed several times a day and m £ 

instructed to Bex and estend his fingers ahdlSf'nll? be 

flex and extend the wrist joint, .radSherX 
developing. The supervision of these movement. hlTld £T 

the nurse who usually changes the hrtfj^ lt ,^?? d i 1 , 04 be . 1 'l t n “ 
visit the surgeon should inspect the hand and^W 
patient understands and Is carrying out his InstroSuL *'?' that the 
large fomentations applied to the hand end I i 1 ® ve 

wr&drop develops. I have seen ScSX^.^ ** 
weeks to overcome this faulty position of *drnlnlstered for 

of exercising the elbow and shoulder joint, xmllSLJhL , portaDC ' 
the arm at a right-angle abduction positioL durl^i aUy S f kM P lll S 
of large, hot fomentations, has alreadV P " iod of use 
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Treatment.— Early Movements.— Early and daily movements of 
the wrist, thumb, and finger Joints are the prime essential in treating 
the majority of Injuries of the hand. Seldom are casts indicated in a 
Colics' fracture or in carpal, metacarpal, or phalangeal fractures. If 
a cast is used, it should be changed to a splint within a very few days. 
Seldom should any splint be left on in this locality for longer than a 
week without removing it for massage and gentle active motion daily 
or, at the longest, every other day. Even in nerve injuries where rest 
is important, the cock-up splint or the posterior flexion splint, if the 
latter has been necessary in order to overcome the shortening in the 
ulnar or medial nerve defect, should be removed after a week, for 
massage of the forearm, hand, and fingers, and very slight, but some, 
active motion of the joints, and very slight passive movement of those 
joints which have lost their power of movement. Casts and splints for 
injuries in the metacarpals, carpals, or forearm should never extend 
down over the fingers. These should be left free for movement and 
movement should be Insisted upon. Even in plastic operations where 
the hand and arm must often be encased in a cast to bold them In 
apposition to the nose or face, or when the hand has been buried under 
a pedicellate abdominal flap or In a skin flap on the buttock, the 
patient should be instructed in shrugging the muscles even though be 
cannot move the fingers. 

Adequate Incisions. — Faulty incisions for the drainage of hand 
infections account for many permanent disabilities. These incisions 
should never be made directly over a tendon. Lateral incisions along 
the fingers will drain any tendon sheath infection. Through-aud* 
through lateral drainage is not always indicated and should be avoided 
whenever possible. No surgeon should incise a hand without first 
familiarizing himself with aD the fascial spaces, as clearly outlined 
by KanaveL Small, Inadequate openings and failure to discover deep- 
seated abscesses will often result in sloughing tendons and irreparable 
loss. 


Position of Function. — In many severe injuries of the hand a 
certain amount of loss of function is inevitable. Viewed from the 
standpoint of reconstructive surgery, such a hand should be placed 
from the outset in the position of greatest function. Fingers should 
not be allowed to stiffen in a completely extended position. Many a 
man has had an extended stiff finger amputated because it was In ids 
way when trying to work with the remaining fingers. Attention to 
this principle of the functional position of the fingers wfl] save months 
of tedious physical therapy made necessary by failure to correct a 
preventable condition. The position of function implies that the wrist 
is slightly hyperflexed. The palm is concave and the fingers are in the 
poslticm of "grasping a tumbler" (Jones) or a ball. In this position 
tha thumb is abducted and the ball of tic thumb can usattty be 
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brought Into contact with the fingers. We are all familiar with the 
stiff fingers which are somewhat hyperextended In the two phalangeal 
joints. Flexion at the metacarpophalangeal joint may be present, out 
the hype rext ended stiff fingers are responsible for the total disability. 
If they had been treated during convalescence in a position of semi- 
flexion, this flexion position at the metacarpophalangeal joints would 
then have meant 50 per cent or more of function. 


Operative Procedures. — Operative procedures on the hand and 
fingers for the purpose of restoring function likewise require great 
surgical judgment One must make sure that the joints are movable 
and can function before subjecting a patient to beautiful tendon op- 
erations. The tendon operation may be perfect, but If bony ankylosis 
or soft tissue contractures make it impossible for the joints to move, 
nothing will be gained. Thick, deforming scars may be dissected from 
the palm or the tendons may be freed from scars, and yet function 
may not be restored because of faulty condition of the joints. Again, 
one type of operation on the hand may require very early and very 
active movements if success is to follow, whereas another operation 
performed at the same time, for example, upon a nerve, may require 
rest; therefore it is foolish to perform both of these operations at 
the same time. The hand and fingers must be put in the best possible 
condition to make the proposed operative procedure a success. This 
usually implies several weeks of very active physical therapy treatment 
preceding the operation. 

I recently operated upon a stiff phalangeal joint of the thumb. 
The stiffness was due to a partial dislocation with a small fractured 
fragment which interfered with Joint movement When I first saw It, 
I advised operation. The patient postponed operation for five months 
and then reported to the hospital to have it performed. Upon examin- 
ing the thumb, I found marked atrophy of the musdes, both of the 
thumb and In the thenar space Electrical tests showed Innervation 
present The condition was largely due to atrophy from disuse. The 
patient was from out of town and was accompanied by his wife. The 
two were scat to Dr. Coulter for physical therapy, preliminary to the 
operation. Three treatments were given and during these treatments 
the wife was carefully i^trurted relative to massage and redevelop- 

h °“' «®i the wife carried 
on this treatment When they returned at the end of three weeka, we 
had a thumb worthy of operative effort. The operation waa a sucias 
due to the fact that the patient had sufficient muscle power and had’ 
been sufBdeiitiy trained so that he could cany on ear^S 

ments. 

As a role, old disabling conditions of the hand * 

by^ of hot pareffin baths, whir, 

massage, and passive and active <=erd» for several <££, 3bnlnZ 
to the proposed operation. Often one wffl ^ sufficient Ir^ZSt 
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by these methods to justify postponing the operation, and several 
hands on which I have contemplated operations have recovered solely 
by these methods. 

When an operation for restoration of function is contemplated on 
the hand or fingers, the strictest asepsis must be maintained and the 
least possible traumatizing of tissues must be done if the operation 
is to be successful. Infection will destroy tendon and nerve repairs 
and plastic operations upon the hand in the majority of cases. Every 
effort therefore must be made to avoid infection. The more bloodless 
the operative field, the less trauma will be done. The tourniquet there- 
fore Is essential. Many of these operations are long and tedious and 
an ischemia may develop from too prolonged use of the tourniquet. 
For this reason the inflated bag of a blood -pressure apparatus over 
the biceps Is the best form of tourniquet to use. Occasionally the bag 
can be deflated, restoring circulation in the forearm and hand, and 
after a few moments it can again be inflated. Rough handling of the 
tissues, too severe retraction, especially by rake retractors, and dry 
sponging all predispose to adhesions with subsequent contractions and 
failure of operation. 

COLLZS’ FBACTURE 

Colics’ fracture is the commonest injury involving the wrist Joint. 
Every such fracture should be reduced early under either local or 
general anesthesia. The purpose of reduction Is to secure the most per- 
fect alignment of the fragments. Impaction may occur and may render 
reduction most difficult. Frequently there is serious derangement of 
the wrist-joint arc. The perfect correction of all these conditions can 
seldom be attained without an anesthetic. As soon as possible after re- 
duction is made an x-ray film should be obtained, and if almost perfect 
realignment of the fragments and correction of the joint axis have 
not been obtained, an Immediate second or third attempt should be 
made. If a general anesthetic has been given, the patient should not 
be allowed to awaken until one is sure that the reduction has been 
completed. This, of course, Is one of the greatest advantages of local 
anesthesia. 

In many Colies’ fractures there Is very little displacement and 
practically little manipulation is necessary. In these a simple posterior 
splint coming down to, but not including, the fingers is all that is 
necessary. After one is sure of his reduction in the more serious 
Colics’ fractures, a posterior molded plaster splint ngntq is usually 
all that Is necessary. In fact, a Colics’ fracture once perfectly reduced 
seldom flies out of position. 

Movements of the fingers the first two or three days are usually 
painful, but the importance of movement must be stressed, and after 
one or two days, assisted active motion should always be started in 
the fingers. 



00 [££££ 


Hand and Wrist 


In even the most serious Colics’ fractures the posterior splint can 
be removed on the third day. The forearm should be carefully laid 
upon a flat, even surface, and heat in the form of hot pacts and infra- 
red light or an electric baker can be administered for a few moments, 
followed by careful gentle massage from the fingers up to the elbow. 
To be of the greatest benefit this massage should be rhythmical and 
always in the same direction. It should be in the line of the venous 
flow. In the absence of the apparatus for application of heat, alcohol, 
camphorated oil, or warm soapsuds may be used with the massage. 
After the splint Is reapplied and before the bandage is put on, the 
forearm fs tamed over and Its flexor surface Is massaged, usually with 
alcohol At the same time the fingers are exerdsed. 

On the fourth or fifth day when the above treatment is admin- 
istered, the patient Is Instructed to move his wrist joint to a slight 
degree. It Is interesting how much movement some oi these patients 
can stand. I have never seen the fragments oi the fracture displaced 
by active movement. Forceful passive movement, of course, is defi- 
nitely contraindicated. Every day, and at the lenst every other day, 
alter this, the heat, massage, and exercise treatment should be admin- 
istered and increased in dosage. Seldom Is the splint necessary beyond 
two weeks. It can be replaced by a firm bandage or wristlet if the 
patient is fearful of having it free too soon. Often during the third 
week, I have the patient go without his splint during the day and 
apply it at night. 6 

In a certain number of these Colio’ fracture, there are still swelling 
and limitation of motion at the end of three weeks. These cases are 
referred for owre active physical therapy, cowustlng of prolonged 
baking immersing of the hand and wrist in n hot paraffin bath, 

S“ ne '5'^ ^ ^ ° Uo ™ i ,Jy 3° *!■». of massage, and 

by assfated active and active exercises. Certain apparatus ™y be 
u«d to develop exerdse, forexample, the turning ofacrank attached 
to a small wheel, the carrying of weights the- twirling nf 
dubs, and occupational therapy, for eXipie 
several times a day. The more active movemenbfhm. Hefrihrd 
can be started as a rule after the fourth week and ,«l 

to until full function is restored. Los, of function tof^ d If 
fracture, is traceable to to,, oi mterert o^Z f T y 

alter the splint, are removed. the part of the surgeon 

In old rani uni ted Cotles’ fracture, (and the enrli„ «. , , , 

diagnosed, the better the prospect o! functional testorauSif^f 0 ^? ** 
and realignment of the fragments approximating nam \ retractu 7 
conditions is definitely Indicated. A, a rule, thew anal '"? C 

broken up by the use of a Thomas wrench. c *“. be 

general anesthesia. Oden a week of very thorough niStoiu, 

Si therapy is Indicated before attempting refr^^^Pj^ 
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of fragments. Following the procedure, physical therapy should be 
administered as described above, the more active movements being 
delayed possibly a week or two longer than in the case of the recent 
fracture (Fig. 17). 



Fto. 1 CMC of CoDet' fracture beto* rtdirccd by Dr. R. R. DufTi method of 

rrtTHy and wri*bt traction; B, method of ippfyin* taction Brtp* In wnc cue- C 
method o! ippiyinf banjo ipllnt with tort too Bripa attached to ipllnt to uma ^c.’ 
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In even the most serious Colles’ fractures the posterior splint can 
be removed on the third day. The forearm should be carefully laid 
upon a flat, even surface, and heat in the form of hot packs and infra- 
red light or an electric baker can be administered for a few moment*, 
followed by careful gentle massage from the fingers up to the elbow. 
To be of the greatest benefit this massage should be rhythmical ana 
always in the same direction. It should bo in the line of the venous 
flow. In live absence of the apparatus for application of heat, alcohol, 
camphorated oil, or warm soapsuds may be used with the massage. 
After the splint is reapplied and before the bandage is put on, the 
forearm is turned over and it* flexor surface is massaged, usually with 
alcohol At the same time the fingers are exercised. 

On the fourth or fifth day when the above treatment is admin- 
istered, the patient is Instructed to move his wrist joint to a slight 
degree. It is interesting how much movement some of these patients 
can stand. I have never seen the fragments of the fracture displaced 
by active movement. Forceful passive movement, of course, is defi- 
nitely contraindicated. Every day, and at the least every other day, 
after this, the heat, massage, and exercise treatment should be admin- 
istered and Increased in dosage. Seldom is the splint necessary beyond 
two weeks. It can be replaced by a firm bandage or wristlet if the 
patient Is fearful of having It free too soon. Often during the third 
week, 1 have the patient go without his splint during the day and 
apply it at night. 

In a certain number of these Colics 1 fractures there are still swelling 
and limitation of motion at the end of three weeks. These cases are 
referred for more active physical therapy, consisting of prolonged 
baking, immersing of the hand and wrist in a hot paraffin bath, 
Immersion in a whirlpool bath, followed by 30 min. of massage, and 
by assisted active and active exercises. Certain apparatus may be 
used to develop exercise, for example, the taming of a crank attached 
to a small wheel, the carrying of weights, the twirling of Indian 
dubs, and occupational therapy, for example, the use of a hammer 
several times a day. The more active movements here described 
can be started as a rule after the fourth week and should be persisted 
In until full function is restored. Loss of function in too many Colles 1 
fractures is traceable to loss of interest on the part of the surgeon 
after the splints are removed. 

In old mai united Colles fractures (and the earlier the mal oni on is 
diagnosed, the better tbe prospect of functional restoration) refracture 
•nd realignment of the fragments approximating normal anatomic 
conditions is definitely Indicated, As a role, these malunlons can be 
broken up by the toe of a Thomas wrench. The procedure requires 
ecncnl anesthesia. Often a week of very thorough preliminary physi- 
ol therapy b indicated before attempting refracture and realignment 
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Radiocarpal and Carpal Injuries 

Dislocations of the individual carpal bones are not common. 
When dislocation occurs, It usually involves the semilunar bone. Im- 
mediate reduction, If possible, is indicated, but If complete reduction 
is Impossible, It is far better to make an Indslon and remove this bone. 

Failure to recognize this dislocation or attempts at reduction with 
incomplete success account for a certain number of cases of wrist- 
Joint loss of function. When seen late, It is best to remove this semi- 
lunar bone, followed by traction and early active movement Even 
before the wound is healed, massage and exercise as outlined under 
Colies’ fracture, are Indicated. 

Whenever traction Is used In any joint condition, especially the 
wrist joint, it should be frequently released to allow assisted active 
and active movement 

Complete dislocation or the wrist is comparatively uncommon. 
Complete dislocation of this joint is always accompanied by extensive 
injury to the capsule, the ligaments, and possibly to the tendons. 

When seen early, manipulation under anesthesia is usually success- 
ful. Old dislocations will require traction and the overcoming of con- 
tractures by beat and heavy massage for a number of days before 
attempting the reduction. 

Following reduction, the same physical therapy maneuvers as out- 
lined for Colles’ fracture are indicated. Accompanying Injuries, of 
course, must be repaired to insure function. 

Sprains of the wrist joint frequently follow falls on the extended 
hand, backfire of a motor when attempting to crank it, sudden jerks 
or twists when attempting to jump onto a moving street car, etc. A 
sprained wrist should always be x-rayed to rule out the possibility 
of fractures. 

A true sprain of the wrist joint, often accompanied by sprains In 
the metacarpophalangeal thumb joint and by tenosynovitis, yield more 
readily to early active physical therapy treatment than they do to 
splints, casts, and disuse. 

The early use of diathermy, followed by immersion In a hot whirl- 
pool bath, and by massage (gentle at first and increasing in force as 
the days go on) will usually result In the cure of a sprained wrist 
within two to three weeks. Between treatments the patients are often 
more comfortable If a wristband or tight strapping is used. 

Strains op the wrist joint and tenosynovitis of either the 
flexor or extensor tendons in the lower forearm are not at all uncom- 
mon. These axe usually occupational conditions. 1 have seen a clerk 
taken from his usual work and sent to the packing room during the 
holiday season develop this condition after two or three days of min er 
the hammer. 3 H 
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RADIOCABPAL AND CAE PAL INJURIES 


Severe crushing injuries of the wrist and penetrating mjmes, such 
as gunshot wounds, are frequently followed by infection. Adequate 
drainage of the Infection is necessary. Frequently there are ope® 
wounds on the flexor surface with or without Involvement oi the 
flexor tendons. It is far better to let these wounds heal than to 
attempt to drain the Infected wrist joint through these acaoentti 
openings. A dorsal lateral Incision, usually on the ulnar side, is toe 
best approach for drainage of the wrist Joint It may be necessary 
to mate bilateral incisions but more to the dorsal side. . 

The prevention of disabling deformities by placing such a wns 
joint in the position of function— i^., 30° to 35° dorsiflexett-- 
Is imperative in such injuries. This may be accomplished by a coc*- 
up splint 



Traction, keeping the carpal bones separated as much as possible, 
^ especially separation of the radiocarpal joints, is extremely 
important in the presence of a wrist-joint infection. This can be 
accomplished by a banjo splint applied to the forearm with a strong 
wire loop extending downward six to right inches below the fingers. 
Adhesive webbing can be attached from the web to the tips of the 
fingers and thumb with a rubber band extending from the adhesive 
robing down to the steel wire loop of the banjo splint (Fig. 18). 
Many of these cases are bedridden and can well be treated with 
'Thomas arm splint, the traction being applied from the fingers to 
the end of the splint. The chief point to remember is that function 
T-ter be more readily restored In the damaged wrist joint if 
jetton and doralflexlon have been maintained. 
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to io days the traction should be released for assisted active and 
active movements. Heat, massage, and exercise interspersed with con- 
tinuous traction for at least a month will give fairly good function 
to the wrist joint. 

Loss OF ROTATION DUE TO STRONO FIBROUS OR DO NY ANKYLOSIS 
between the radio-ulnar joint is extremely disabling. The position of 
function for the forearm when rotation is threatened or inevitable is 
slight pronation, that is, about 25° of pronation from the medial posi- 
tion. When this condition Is threatened, an arm should never be treated 
In complete supination or complete pronation. It is best to keep them 
in the above position from the outset 

Jones has described an operation for the relief of t h is condition. 
He a cl '.'oca tea the removal of approximately a quarter of an inch of 
the ulna just above its head. He reports good results in the restoration 
of rotation. Massage and exercise, started early, are necessary follow- 
ing this operation. 


METACARPAL AND PHALANGEAL JOINTS 

Dislocations of the carpal metacarpal joints are not common 
except In the thumb. They are usually easily reduced but may be 
difficult to hold in reduction. Firm felt padding over the point of 
dislocation with splintage is necessary. 

In the case of a dislocation of a thumb, traction and abduction with 
pressure directly over the dislocation are usually sufficient. It may be 
necessary to maintain traction with the thumb extended. If possible, 
this should be avoided, but when necessary, the thumb should be 
released after one week for Intervals of massage, flexion, and adduc- 
tion exercises. These exercises and massage are likewise imperative 
in the fingers when the dislocation involves these. As a rule two weeks 
are sufficiently long for fmmobilixatlon, followed by one to two weeks 
of very careful active motion before full use of the hand is resumed. 


Dislocations of the metacarpophalangeal joints and pha- 
langeal joints are fairly common. The distal bone is usually dis- 
placed posteriorly. These dislocations may be only partial, may be sub- 
luxated, and may then fly back into position so that, upon examination, 
no dislocation is found. Nevertheless the damage to the capsule with 
the accompanying synarthrosis is very disabling and may result in a 
permanent deformity, as is so often seen in baseball fingers. 

These dislocations must be reduced by manipulation, consisting 
usually of marked hyperextension of the distal bone which should be 
gradually pushed over the proximal Joint surface until It drops into 
POTSHOT. Open operation la often necessary but is usually neglected 

fu J °^‘ T* tbt ; f ° r reconstructive sTr^y 

Following the reduction of any of these dislocations, a simple dS 
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Rest Is Imperative to relieve tic condition, especially the sense of 
crepitus and pain observed In the tenosynovitis. A light splint is often 
necessary to obtain rest. It should be removed once or twice a day 
for heat, very gentle massage, and gentle exercise. The patient should 
be warned not to move the wrist joint beyond the point of pain. With 
the subsidence of pain, active exercise can increase. As a rule these 
conditions are quite pronounced before the patient seeks advice, and 
from two to three weeks are required to accomplish the cure. 

Fractures of the carpal bones may result In stiffened wrist with 
difficulty in flexing the fingers. This is usually due to failure to prevent 
the wrist flexion which is prone to follow these fractures. Traction and 
dorslfiexdon are likewise indicated in carpal fractures. 

In old cases with stiffened wrist joint, weakness in the hand and 
loss of complete flexion power usually demand strong manipulative 
surgery. This is one of the conditions in which manipulation under 
anesthesia Is justifiable. The purpose should be to produce strong trac- 
tion and gradual correction of the partially flexed wrist, bringing it 
up into a position of byperdorsiflexion. This should be followed by 
the cock-up splint which Is removed dally for heat, massage, and exer- 
cise. After approximately one week the splint rq n be removed for 
longer periods and the hand and wrist Immersed In a hot paraffin hath, 
a whirlpool bath, or a hot soapsuds local arm bath, followed by 
heavier massage and more marked exercise. It usually requires from 
four to six weeks to overcome this deformity. 

Stiff wrist the result of fibrous adhesions, may be overcome by 
smmg marflpulation under anesthesia if this is followed immediately 
by heat and light manage to .prevent too groat a reaction. Personally, 
I prefer to trait atifl wrist joints which are not due to bony ankylo^ 

^ or ^ gradual minipukHon 

°f the wrist Joint, pusMng It toward the doralflexed position after a 

rliTowrmtotnto ^ spUMshould always 

be applied to maintain the doraBexian, and the cock-un nositfon 

« day ^ 0rder to ™totain the ItJJToved 
P ° 5 ^w », 1^2^ T? t ^ an W'awanl jorci under 

the 3 contracted capsule with the wbseqnmt'Srf^S"'”' 3 ^ 

to the functional potddon, riz., slightly dmSfl^tf 
accomplished, arthroplasty is seldom IndkatedMowl™ in 

luries. If free rotaUon ol the forearm is present, iK?! 
to hyperextension is preferable to a wrist arthroplasty 
When an arthroplasty Is performed, traction should v, 

to maintain the necessary separation In the new jSnt. 
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one week in order to prevent a stiff joint. Finger traction from the 
outset is one of the best methods of treating this condition. Consider- 
able movement can be maintained while the skeletal traction is in use. 

Fractures of the hftacaspals tend to bow forward , thus short- 
ening the metacarpal and destroying the normal arc of the metacarpo- 
phalangeal joint The knuckle is lost and the head of the metacarpal 
can be felt in the palm. This deformity frequently results in a stiff 
metacarpal joint and often Involves the function of the adjacent 
fingers. For this reason it is imperative to get good alignment in these 
metacarpal fractures. 



F». 10. — Berm cnnhhu Injury of th* hand »Hh frtcltma of the third ind fourth 
met»cxrp«ki of pro-dtra] phaUnje*. 


Bennett’s fracture consists of a fracture at the base of the first 
metacarpal and extends into the joint. This fracture frequently ap- 
pears after a fist fight. Traction with the thumb fn the fully abducted 
position is the best method of overcoming this deformity and of pro- 
tecting the joint function. 

Physical therapy methods, as outlined for dislocations, must be 
followed In all these fractures and fracture-dislocations. 


/ Stiff uetacarpcphalanoeal and phalangeal joints are usually 
multiple and are due to marked fibrosis, contracted capsule and 
synarthrosis; these conditions following serious multiple Injuries if the 
Imnd often accompanied with fractures, or following prolonged disuse 
and fixation, or following ischemia, male up a fairly lam narT^ 
reconstructive surgery. The surgeon’s ingenuity is taxed tTtKnd 



Hand and Wrist 


60 

gutter splint or one made from plaster Is sufficient. Alter a weekit 
should be removed for heat, massage, and exercise. For at least three 
weeks only flexion exercises should be attempted, os redlslocatlon by 
active extension is fairly easy. 

OlJ> EXT TT TLNOKfi. JOINTS FOLLOWING DISLOCATIONS, either DOn- 
x educed ox only partially reduced, usually require operative procedure. 
The joint should be approached by a lateral Incision and the capsule ot 
the joint exposed and Incised vertically. It may be necessary to indse 
on both sides of the joint and include the ligaments. Strong traction, 
hyperextension, and direct pressure over the joint are then used to 
reduce the dislocation. 



Fb, 19' — Author 1 ! finger raGper for «lxleU] traction, 



Following this operation, I usually apply the Ellis-Mock finger 
calipers (Fig. 19) to the distal phalanx or the phalanx just below the 
dislocation and Institute strong skeletal traction by attaching the 
calipers to the hoop of a banjo splint. The vertical incisions In the 
capsule are pulled Into a somewhat longitudinal In dal on by strong 
traction, thus giving increased capadty to the joint capsule after 
healing. 

After the third to the seventh day traction is released temporarily 
to allow slight active exerciser The amount of exercise is increased 
each day thereafter. The traction Is maintained from two to three 
weeks. Heat, the hot paraffin bath, massage, and exercise are con- 
tinued until full function Is restored. 


FttACTOTEJ INTO till joints must be reduced and fmmnbnixed but 
roe should strive to start active movement early, often at tie end of 
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to prevent this condition in the presence of such severe crushing 
injuries as are shown In Figure 20. The fractures in this case were 
treated by skeletal traction, leaving the soft tissues exposed for 
treatment (Figs. 2ia, 21b). As a rule in the resulting deformity the 
hand is slightly cyanotic, a clammy sweat is present, the skin may 
be stretched and shiny, and there is definite atrophy in the thenar and 
interosseous spaces. The fingers are stiff or bend only slightly and are 
usually extended or only slightly flexed. In other cases due to old nerve 
injuries there may be marked contractions, giving the clawhand. 
Rarely is the hand stiffened in the position of function, that Is, in the 
position to grasp a tumbler. Such a hand is frequently accompanied 
with a partially stiffened, partially flexed wrist joint. The thumb Is 
usually pulled in toward the palm in adduction deformity. 

Viewing such a hand, one feels that the Impairment to its blood 
supply from the various causes of ischemia, from prolonged swelling 
Immediately following the Injury, or from the atrophy which follows 
disuse of the member Is largely responsible for the congealed condition 
of the hand and the fibrosis which accompanies it. No condition calls 
for greater effort on the part of the surgeon and the physical therapy 
expert. Seldom has the surgeon the time and patience to render the 
necessary physical therapy to restore even partial function to such a 
hand. He must depend upon the specialist and his trained technicians 
who are thoroughly familiar with the various methods and modalities 
necessary to restore function. 

Forceful flexing or bending of suck stiffened fingers when first seen 
mil serve only to cause great pain and frighten the patient. He be- 
comes like a colt that is roughly bridled for the first time . If a 
physician has made his patient afraid to let him touch or even slightly 
manipulate the hand, the battle has already been lost because the 
necessary codperatlon of the patient •mill not 6e restored or obtained. 
Gentleness therefore is the first essential. The second essential is 
never to bend stiffened fingers beyond the pain point. The third 
essential is to warn the patient and everyone connected with the case 
that it may take weeks or months to secure even a partial result. 
Finally, the fourth essential point is for every physician to know that 
forceful manipulation of such fingers under anesthesia practically 
always results in a marked traumatic reaction with a definite increase 
in the disability. 


Seldom will the condition of stiff hand, as described above, develop 
In a patient who has been treated from the onset of his injury by the 
combination of surgery and the necessary physical therapy meas- 
ures for preventing snch a condition. If, however, in spite of all 
efforts or because of some unforeseen accident, a case has developed 
into this typical stiff hand, the treatment should be continued from 
the viewpoint of restoration of function. Do not let the patient be- 
come discouraged or lose confidence. Do not lose interest in the 
“* 11 w * 11 re t" Ire >0”? palMtstmg effort, Close attention 
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inside boiler is filled with paraffin, such as is used in preserving. 
These cakes of paraffin can be purchased at any grocery store. Tbe 
cakes of par affin are now melted by hot water in the outer boiler — 
all except a small piece. If a piece is still unmelted, the paraffin is 
not too hot; if all is melted it may get too hot, and a thermometer 
becomes necessary. The hand is placed In the wax for one minute, 
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to the smallest details, constant supervision of the physical therapy 
technician, and the maintenance of this program for weeks and 
months to restore function, but complete or almost complete func- 
tion is possible if one sticks at the job. Most of the cases of this 
nature will drift to a surgeon after the condition of stiff hand has 
developed. They usually come for operative treatment Many things 
must be done before operation is considered if, indeed, It is eventually 
necessary. 


Methods of Treatment. — Improvement of the circulation is one 
of the first considerations. Jones very aptly refers to this as “circu- 
latory gymnastics.'' All methods which cause a vasodilatation in this 
extremity will improve the circulation. Many of these methods will, 
at the same time, soften the skin and the contracted aponeurosis 
and help redevelop the atrophied muscles; the combined methods 
will have a cumulative effect upon the ultimate desired result In 
considering the various measures independently I want the reader 
to visualize the sequence of action and the adoption of several of the 
methods at each stance of treatment, instead of thinking of them as 
separate measures, any one of which may suffice: 


Conthast Baths. — Contrast baths consist of soaking the hand In 
hot water, hot soapsuds, or hot camphorated oil for 12 min., then 
immediately immersing the hand in cold water for 3 min. Tills should 
be repeated three times at one sitting. The sudden contrasts In tem- 
perature give a marked vasodilatation and ore very efficacious for 
improving the circulation. They should be repeated daily. The tem- 
perature of the hot bath should be approximately 106° F. (41.1 0 C.) 
and can be increased gradually to n 2 ° or 118 0 F (44-4° to 
47.7° C.). The temperature of the cold bath should be approximately 
40° F. (44 C.). 


E ^ C ^T S 't,J 1 ^ 5 Promoting hyperemia in the 

extremity by the use of elastic bands around the forearm or by 

CUPpIng Ti 0r met i 0d8 ? f motor-driven suction appa- 

ratus, all are beneficial in increasing circulation. 

Hot PABArrtN Bath.— T he hot paraffin bath in,,— 
tlon; softens the akin, fascia, and soft tissues; prepares the hand and 
foS*™ most helpful measures that 

time, brt-en ~t, provided H 1, not £ ££ 

traction apparatus (rig. as). r 

The paraffin bath for the hands can easily be , 

by using a double boiler ordinarily used f£ cerST™. ' 

£ large" enough for the hand to be placed in ft 
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mrald fit the patient’s deformed hand. A ball of dental wax is 
softened in hot water and then put around the handle, say, of a 
hammer. It is then dipped in cold water and immediately hardens, 
becoming a definite part of the handle. The handle is then dipped 
in hot water until the wax is softened again and the patient grasps 
the ball of wax as far as his restricted flexion movements will permit. 
An impression Is made in the wax of each finger and thumb. The 
handle is then submerged in cold water until the wax hardens. The 
patient now h^s a tool with a handle that exactly fits his deformed 
hand. He uses this in the workshop and carries it back to the ward 
or to his home and uses it several times a day as a means of exercise. 
As the fingers flex further and the grasp improves, the wax can again 
be softened and a new Impression of his grasp made. Since the War I 
have used this with great success on a number of patients. 

Combination op Different Forms of Treatment. — Many com- 
binations of the above maneuvers, giving heat and exercise at the 
same time, and massage and hydrotherapy simultaneously, and even 
occupational therapy and hydrotherapy, are trtflixed thus: 

(a) A favorite therapy exercise of mine is to have the patient make 
12 pulp balls and give them to me on my visit the next day. He is 
given a bucket of warm water into which be places a sheet of news- 
paper. He then immerses the stiff hand in the bucket of water and 
proceeds to work the sheet of newspaper into a pulp ball. The num- 
ber of pulp balls he Is to make is increased two a day. This is a very 
homely method but extremely efficacious (Fig. 23). 

(b) The whirlpool bath has been mentioned many times in the text 
and has already been described. It is of great value in treating these 
stiff hands. While Ihe hand Is submerged hi the whirlpool bath, or 
even a local bath, massage can be administered to great advantage. 

(c) Women patients have reported that washing dishes or wash- 
ing clothes in hot water has been of great assistance in overcoming 
their deformity. Men patients should not consider it effeminate to 
try similar methods. 


Traction. — Traction is mentioned last but in a great many cases it 
is applied first and proves of the greatest value in overcoming the 
stiffened finger joints. In some cases continuous traction Is indicated 
while in others traction apparatus is put on at night and works while 
the patient sleeps. So many different forms of traction apparatus have 
been described that no effort will be made to enumerate them here. 

^ during Wsr - Captain Abbott, 

at the Edinburgh War Hospital, is given credit by Jones lor first using 


this method. He fitted a glove to the hand and ittacbed elastic bands 
to the finger tips of tbe gloves and then attached the oonoslte .T t 
the rubber bands to a dorsal plaster splint exteXg the 
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taken out for two minutes, and placed In for another minute. Keep 
this up for 10 min, Then allow wax to harden and remove as a glove. 
The temperature of the paraffin bath is approximately no 9 F. 
(43*33° C.). 

Massage. — Massage should be very gentle at first and then gradu- 
ally increased, but never to the pain point. It should consist of 
stroking at first and later stroking and kneading, usually from the 
tips of the fingers upward through the palm, wrist, and forearm, fol- 
lowing the line of venous Bow. It should be persisted In for 30 to 
45 min. Each stance Is of Importance and Increases In Importance 
as the case progresses toward recovery. 

Muscle and Joint Re£ducation. — Muscle and joint reeducation 
should be interspersed at frequent intervals during the 45 min. 
massage. This variation prevents both the patient and the technician 
from becoming fatigued. Many of these patients have forgotton how 
to close the fingers and must be reeducated. Flexing the same joint 
cm the opposite band while attempting to flex the injured joint is 
an excellent means of reestablishing joint habit At first, muscle- 
training exercises consist of having the patient concentrate upon the 
effort of flexion or extension, even though he has no power of per- 
forming the movement, at the same time the technician flexes or 
extends the finger as far as possible without causing pain. This Is 
tedious work, especially when every joint in the hand must be treated 
in this manner. The surgeon or. If the case has been referred to a 
specialist In physical therapy, the latter should frequently supervise 
the treatment to make sure that none of these steps are bring neg- 
lected. 


Exxscict. — E xercise, especially voluntary exercise by the patient 
himself, is of the greatest Importance. We can perform all the other 
measures, but unless the patient will cooperate to the fullest extent 
fii developing voluntary exerdses, function will never be restored. 
At first exerdses may have to be passive; later, assisted active exer- 
cises may be added; and finally, exercises may be performed by the 
patient himself. Resistant movements are the best, that is, flexion 
or extension whfle the technician Is resisting the movement. Many 
mechanical devices have been made to stimulate exercise in the 
fingers. Those which require voluntary effort on the part of the 
patient are the most successful. 


tkm 

to 


Occupational Thexapy.— O roupatlonai therapy, which furnishes 
re of the best °«m “"d*. should be instituted 

early os poulbje. Dr. Allen, of Indianapolis, e«rly In our partldpa- 
n In lire World M*r fint suggested the me ot dental was applied 
1 hammer, saw, and plane or similar tools to make a grospVrtddt 
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a woven-Iike manner around each finger from the web to the tip, 
and to the ends of the adhesive straps are attached strong rubber 
bands. The opposite ends of these bands are attached to the loop of 
the banjo splint (see Fig. 18). As the flexion of the fingers improves, 
the wire loop can be bent Into a position of greater and greater 
flexion. The bands should be tightened as the patient develops greater 


1 SJ 


ria. 1 4— A, method of ftcrre lncuoc tued by eutfcot ; B, nmc u Fig. 14, 

tolerance. The traction must be freed several times a day for active 
exercises by the patient, especially exerdses aimed at extension and 
then flexion to the point thus far gained. Traction Is always necessary 
where there are marked contraction and stillness In the phalangeal 
^nU Faflura to use traction in these cases Jeopardises the result. 
Only slightly forcing flexion, or conversely, extension, In these joints 
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fingers. The rubber bands gave a constant pull extern! on ward, Many 
variations of this principle have been made, notably, straps sewed 
to the tips of the glove fingers and extending backward through rings 
or leather loops to a wristlet attached to the glove and containing 
buckles. Tbe patient is instructed to tighten these leather bands in 
the buckles until he has as much extension traction on the flexed fingers 
as be can stand. Both of these procedures are reversed when the 
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running down alongside ol tic band md^he I'oSlurif nr^HbS 
beyond the fingers some ,U Incbes-fonm^TL 1 ^' 

Action used today. Two strip, o, 
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of these conditions. In all these cases the principles of physical 
therapy, including traction and splintage, are definitely indicated in 
the treatment. 

Hip Joint 

Associated Disturbances. — Loss of function following injuries to 
the hip joint are often associated with functional disturbances in the 
knee and ankle joint. 

In fractures of the femur, disuse from prolonged immobilization 
often results in fibrosis, both In the hip and knee joints. 

Traumatic arthritis Is not at all uncommon in the hip joint, espe- 
cially in older individuals. It may follow a direct blow over the hip 
joint or force applied Indirectly to the hip joint, as when a patient 
falls a distance and alights upon his feet Frequently the first x-rays 
of the hip joint will show some osteo- arthritic changes present In the 
uninjured, as well as in the injured, joint and also present about the 
sacro- iliac joints. A later x-ray, say three months later, may show a 
definite increase in the osteo-arthritis of the injured hip joint with no 
change observed In the later film of the uninjured hip. This is definite 
proof of an aggravation of an old osteo-arthritis of the hip which was 
latent and is a very common phenomenon. In older individuals it is 
always wise to x-ray both hips for comparison. 

Fibrosis may follow a suppurative arthritis of the hip joint As a 
rule, however, the acetabulum, the head of the femur, and occasionally 
the neck of the femur are involved In a suppurative arthritis, develop- 
ing an osteomyelitis and marked destruction in and about the hip joint, 
which requires operative treatment Another not infrequent cause of 
hip joint loss of function In the presence of a suppurative arthritis is 
the spontaneous dislocation of the hip joint which usually occurs in 
the presence of a long-continued suppurative process in this joint 

Bony ankylosis usually follows trauma of the hip joint whenever 
a suppurative or tuberculous infection supervenes. 


Prevention of Loss of Function. — Traction treatment of frac- 
tured femurs, especially skeletal traction, permits of early mobilisa- 
tion of the hip joint and does away with many of the cases of fibrosis. 
In in tra capsular fractures of the neck of the femur Whitman’s 


abduction method with the body cast may be used for a great many 
weeks without loss of function in the hip joint. However, In many 
cases prolonged physical therapy methods must be used to restore 
function. Recently Jones, of California, has developed a traction 
apparatus (Fig. 35 ) which can be applied with the fixed arm of this 
instrument in a plaster cast on the lower normal leg and with the mov- 
able arm attached In a plaster cast on the lower leg of the injured 
side. By means of the screw shaft, traction can be applied to the 
Injured leg with cotmtertrertlon in the feted arm of the Instrument 
attached to the well leg. I hive used this In three esses In which the 
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may so erode the joint surfaces that a traumatic arthritis is developed 
by the treatment. 

In a few obstinate cases I have used Mock’s finger calipers attached 
to the distal phalanx, combined with a banjo splint to obtain neces- 
sary traction. Likewise 1 have used finger-nail traction. A bole is 
bored through the distal edge of the nail and a soft wire or 

** drawn through the hole. The rubber band ts attached to this 
ana then to the loop of a banjo splint. In case of traction on one finger 
only a single splint protruding six inches beyond the finger can replace 
the banjo splint (see Fig. 20). 

Splintage. Splintage must be used whenever indicated The cock- 
up splint to maintain the wrist at a 25 0 to to 0 dorslflexion is fre- 
quently indicated. It will be noticed that improvement In the flexion 
of the fingers follows placing the wrist In this position. 


Oteeattom. In a few obstinate cases of ankylosis of the finger 
joints, due to contraction of the capsule and adhesions. I have had 
some excellent results by the following simple operation: 


A smaUblade, sharp knife Is inserted through the skin on either 
lateral aspect of the affected joint and a vertical Jndsion is made 
through the joint capsule. As attempted flexion of the finger is made, 
band5 °< ndhesions or foreshortened 
* 51111 are Indeed. The finger b 

d Bmdualfy until full flexion Is obtained. Nert 
™ “PPded through the skin and Into the bony 
^ rln S of U>e calipers Is fastened 
to tlK loop of a banjo splint by a rubber band to nuintain traction 
which separates <be articular surface and tends to pul) the vertical 
incision in the capaufe Into an elongated or longitudinal Vine. Early 

JdtwrS &tM?«L a Jhn 'JE 71 ’ activ ' motitm can ** ntHJied In the 
affe^ed finger even while the traction is maintained This method fa 

outlined above, exc^t that the 
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One or more of the joints of the wrist h.mt e- 
Involved In nerve injuries, causing *’ 1 p r , ai I 0 5 fE 

Volkmann’s Ischemic paralysii, occastocaftv'b! tv, ™ 

ture of the M t of 

elbow-joint Injuries and In the lower third 0 r th, 
volve ie musculosplral nerve and in J^nfa to a-'STi W J n 
There ore certain operative proceduS^ £ 
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entirely over the lower abdomen and pelvis. Following the application 
of beat, firm stroking and kneading massage should be instituted. At 
first the surgeon should daily assist the patient in a certain amount 
of actfiv exercise, and as soon as it is safe, the patient must be en- 
couraged to continue and Increase active exercise. The amount and 
dosage of these methods must be increased daily. 

SUPPURATIVE CONDITIONS 

In suppurative conditions of the hip Joint the patient usually be- 
comes cachectic and anemic. While the above local administration of 
physical therapy will help restore function to a certain extent in the 
hip joint, general physical therapy in the nature of quartz-light violet 
rays, combined with cod liver oil, is extremely important and should 
never be neglected. If the patient can be moved outdoors In the sun- 
shine, heliotherapy is definitely indicated. 


DEFORMITIES RESULTING FROM FIBROUS FIXATION 

Deformities which are the result of fibrous fixation require traction, 
occasionally splintage and beat, massage, and active exerdse. The 
usual deformity is flexion of the hip joint and increased lordosis of 
the lumbar spine. Often the flexion deformity is accompanied with 
marked contraction of the adductor muscles near their origin. 

In younger people subcutaneous incision of the contracted adductor 
muscles, followed by manipulation of the hip joint under anesthesia, 
and followed Immediately by prolonged heat, massage, and assisted 
active and active exercises, will often result in restoration of function. 
If the condition is the result of septic processes, it Is questionable 
whether this procedure should be followed. Certainly several months 
should elapse before It is attempted. During the waiting period pre- 
vention of further deformity is indicated. 

In older individuals it is much wiser to resort to slow traction on 
the lower leg to overcome the flexion deformity, accompanied with 
daily physical therapy treatments, as already' outlined. Even in old 
people it may be necessary to sever the adductor muscles subcutane- 
ously near their origin before their flexion deformity can be overcome. 

The opposite or normal hip should be exercised daily by flexing the 
thigh completely on the abdomen in order to help overcome the 
lordosis deformity. In the case of old fractures or in old people, no 
undue force must be used In this manipulative procedure, even of the 
well hip, because of danger of refracture or of fracturing the neck of 
the femur in the uninjured hip. 


ANKYLOSIS AND OLD DISLOCATIONS 

Bmy an tylosis of the hip Joint end old hip dislocations frequently 
require operaUve procedure. In the young person, »rthroplest/of the 
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deformity in the neck of the femur was definitely overcome. By the 
use of this apparatus early mobilUation of the hip Joint can start. 

When suppurative processes develop In the hip Joint following 
injury, they must be opened and drained. A drainage tube placed in 
the hip joint causes erosion of the joint cartilage and Invariably leads 
to a nk ylosis. Therefore,' if drainage Is necessary, a tube or Penrose 
drain can be sutured to the cut capsule above and below, thus form- 
ing a tunnel. A slight pull upon these drains will keep the capsule 
wound wide open. Traction on the lower leg Is essential to overcome 
the abduction position of the thigh and the flexed position of the kwe 
which practically always accompany this condition. The traction 
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apparatus .should be released several times a day and active move- 
nt'? 1 of tie Up Join by the patient should be insisted upon. 

Early function in the Up )o.nt by the use of walking calipers has 
been an excellent means ^preventing los, of function in this joint 
following injuries in the lower extremity. J 

Restoration of Function.— If prolonged immobilization by the 

body cast has been necessary, just as soon „ a* m “lTremovrd 
physical therapy should start. These patients are usually still bed- 
ridden. Heat can be appUed to the Up ]oint In the fartn ot laW 
fomentations, an Infra-red lamp, or a large electric baker uUch fits 


Ununited Fractures of Neck of Femur 
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during the last 14 months I have had two cases of ununited fractures 
of the neck of the femur — one in a man of 26 and the other in a man 
of 40 years of age. I operated on both of these patients, performing 
a modified Bracket operation. Good union and So per cent function 
in one case and 60 per cent function in the other were obta i ned 
chiefly by the early and persistent use of physical therapy methods 
as already outlined. 
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hip nmy be justified. In older Individuals, this procedure Is question- 
able. If the ankylosis is in n badly deformed position, transtrochanteric 
or subtrochanteric osteotomies may be considered (Figs. 26a, 26b, 26c). 

UN UNITED FRACTURES OF NECK Or FEU UR 

Ununited fractures of the neck of the femur In old individuals arc 
not uncommon, but they are rare in young Individuals. Nevertheless, 
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Knee 

Causes of Loss of Function. — Loss of function In the knee 
Joint accounts for a large percentage of the handicapped people in 
civilian life. Lying as a pivotal point between the large thigh bone 
and the large bones of the lower extremity, it is practically always 
involved whenever a fracture occurs, either above or below the knee. 


FRACTURES OF KNEE 

Longitudinal fractures through the head of the tibia directly into 
the knee joint and fractures of either the lateral or medial condyles 
of the tibia, “T n fractures through the condyles of the femur, frac- 
tures of the head of the fibula, and the fractured patella are the most 
frequent direct types of fracture deranging the knee joint. Fractures 
of the patella may be accompanied by a direct Injury to the synovia 
and capsule and the interior of the knee joint or may indirectly affect 
the function of this joint. Within the knee Joint proper, fracture of 
the tibial spine Is the commonest type of disabling fracture. Occa- 
sional sprain fractures with the tearing off of one or more of the at- 
tachments of the crucial ligaments occur. The usual example of this 
type of sprain fracture is the tearing away of a part of the articular 
surface of the tibia in the vidnity of the attachment of the anterior 
crucial ligament. 


STRAINS or KNEE 

Strains of the knee are not at all uncommon. They differ from 
sprains only in the degree of force and length of time of action of 
force upon the knee joint. Strains of the knee may be followed by 
a synovitis, but it Is never as persistent a type as Is seen in sprains; 
neither does It tend to recur. Failure to relieve the synovitis In 
strained conditions may lead to a thickening of the synovia, hyper- 
trophy of the villi of the synovia, and calcification. Heavy individuals 
often complain that their knees are weak. Repeated slight strains 
are not uncommon in such people. The slight, frequently recurring 
synovitis may gradually lead to thickening of the synovia and a form 
of traumatic synarthrosis. This may or may not be painful. Such 
Individuals, especially heavy women, complain of cracking and grat- 
ing noises in their knee Joints, particularly when climbing stairs. 
This form of arthritis is more probably due to this repeated slight 
trauma than to toxic causes; otherwise, why does it seem limited 
to heavy Individuals and especially to heavy women who have a 
weaker protective mechanism about the knee joint? 
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Functional Position. — When partial or complete ankylosis of 
the hip joint is threatened or Inevitable, one should place the thigh 
in the position which will tend to give the best function. As already 
indicated, the commonest deformity of the hip is flexion and adduc- 
tion. When ankylosis is inevitable, effort should be made to place 
the thigh in an extended, slightly abducted position, with slight out- 
ward rotation. 
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INJURIES TO SEMILUNAR CARTILAGES 

Injuries to the semilunar cartilages can become extremely disabling 
and may account for many of the permanent disabilities within this 
joint. Displacement or fracture of the external semilunar cartilage 
is comparatively rare and does not give the marked symptoms usually 
found when the internal cartilage is involved. Locking of the knee 
seldom occurs. The commonest si gn is a catch and then a sudden jerk 
or slipping just before complete extension of the knee is accomplished. 
This catch or slipping is referred by the patient to the external aspect 
of the knee, and the surgeon, with his hand over t his area, can usu- 
ally feel the condition. Certain phlegmatic individuals may ignore the 
condition altogether, but others, especially if compensation Is involved, 
worry over such an injur}’, often making operative procedure com- 
pulsory. 

Displacement or fracture of the internal semilunar cartilage is a 
disabling condition. It 1s usually accompanied by marked effusion into 
the joint, pain, and a locking of the joint. These symptoms may sub- 
side and may not recur for months or years. I seldom operate alter 
the first attack if it shows signs of subsiding. Recurring attacks of 
synovitis, pain over the internal semilunar cartilage, or recurrence of 
locking makes operative procedure justifiable and often necessary. 


JOINT MICE IN KNEE JOINT 

Osteochondritis dissecans and Joint mice are practically as common 
in the knee joint as in the elbow joint. The}' frequently follow trauma, 
or may be a late condition in the synarthrosis described above, or may 
follow a definite arthritis of this joint. Rice bodies tend to form In 
fringes of the torn synovia. Hypertrophy of the synovial villi followed 
by calcification Is frequently the source of these joint mice. When 
present, they can simulate dislocations of the semilunar cartilages, 
and when trauma reveals the first manifestation of their presence, 
differential diagnosis from injured cartilage is difficult. An x-ray usu- 
ally shows their presence, whereas an x-ray seldom shows a dislocated 
cartilage. It Is important to make the differential diagnosis because, 
in the operative procedure, the knee joint must be more thoroughly 
exposed for removal of joint mice than is usually necessary for car- 
tilage operation. 

DISLOCATIONS Of KNEE 


Dislocations of the knee are more frequent than formerly, due to 
the extreme violence of many present-day accidents, especially auto- 
mobile accidents. There are three varieties, the dislocation being named 
according to the displacement of the tibia, as follows: (a) forward dis- 
location; (b) backward dislocation; (c) lateral dislocation. 

These conditions, of course, are totally disabling unless they are 
fully reduced. The loss of function which follows a dislocation is due 
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Sprains of the knee are second only to fractures as a cause of loss 
of function in the knee joint. Tearing of the internal lateral liga- 
ment is the commonest form of sprain. If It tears at a point on t 
level with or above the internal condyle of the femur, the Internal 
s emil unar cartilage is rarely involved, but a tear below this level 
Is usually accompanied with a displacement or a fracture of the In- 
ternal semilunar cartilage. Such a condition is accompanied by * 
marked synovitis, and, if the semilunar cartilage has been involved, 
there is usually a recurrence of the synovitis. 

Sprain of the external lateral ligament is not a frequent occur- 
rence. It is not usually accompanied by a synovitis, neither is the 
external semilunar cartilage damaged by this sprain. 

Sprains of the crucial ligaments, usually a stretching or a complete 
rupture of one or both, may occur without any evidence of fracture. 
The anterior crudal ligament is more frequently damaged than the 
posterior. The anterior crudal ligament is attached to the internal 
prominence of the spine of the tibia and the external semilunar carti- 
lage is attached to both the ligament and the spine of the tibia. Fre- 
quently In Injuries of the anterior crucial ligament the spine of the 
tibia is torn off and displacement of the external semilunar cartilage 
occurs. 


Stretching or rupture of the posterior crudal ligament alone is very 
rare. Cubbins, of Chicago, Is of the opinion that this injury is com- 
moner than Is supposed and that it is frequently overlooked. Damage 
to this ligament usually occurs in severe dislocations of the knee 
joint 

In the presence of a persistent synovitis with pain on pressure 
over the region oi one or both semilunar cartilages, a diagnosis of 
Injury of the senulunars is frequently made. The Increased antero- 
posterior and lateral movements of the knee joint are not evident 
because of the persistent effusion and swelling. In many cases the 
semflunars are operated upon and removed. The escape of the effu- 
sion at the time of the operation and the prolongedreat following 
the operation dWiate the swollen condition of this joint When the 
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Sprain-fractures bore already bean referred to. In a .nr.ln of lie 
Internal lateral ligament a chip fracture at the point of Its attach- 
ment to the lemur la Irequeotly revealed by to roeniSnOTam. 
Likewise, the x-ray may show a chip tracture from tl?S Mrehe 
fibula In sprains of the external lateral ligament. 
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PENETRATING WOUNDS OF KNEE 

Penetrating wounds of the knee joint are common. When a foreign 
body has penetrated the knee joint, it must be removed. If the pene- 
trating body Is a piece of sted or a bullet, removal can usually be 
done at once. If the material is dirty and infection is liable to follow, 
early removal must be followed by adequate drainage for possible 
infection. If Infection has already developed, immediate drainage with 
later removal of the foreign body may be preferable. 

External wounds of the knee joint, for example, severe lacerations 
and severe bums, may result in a complete loss of function due to 
scar-tissue formation. 


DISTANT INJURIES WHICH AETECT KNEE 

Distant injuries may account for loss of function In this Joint. It Is 
not uncommon to see a stiff, flexed knee joint following an imputa- 
tion in the upper third of the leg. Fractures in the extremity distant 
from the knee joint can easily result in a stiff knee due to contrac- 
tures and fibrosis. Atrophy of the strong muscles and aponeurosis sur- 
rounding the knee Joint due to prolonged immobflixation of the ex- 
tremity, prolonged disuse, cord Injuries, or other causes for paralysis 
may frequently result In definite loss of function in this joint. Fol- 
lowing fractures in the foot, a marked flat foot condition may develop. 
Following a prolonged Illness, after which the patient Is allowed out 
of bed to walk around in carpet slippers while the muscles are still 
in a weakened condition, may result in a flatfoot. As one grows older 
be may develop a flatfoot. This condition of flatfoot frequently causes 
derangements of the knee joint which may become very disabling. 

Prevention of Loss of Function. — In addition to the preventive 
measures already referred to in Temarks concerning loss oi function, 
certain general principles must be observed in all knee-joint Injuries 
if loss of function is to be prevented in many of them. 

Careful Diagnosis. — Diagnosing the injury as an internal de- 
rangement of the knee joint, allowing the patient to continue to use 
that joint when careful study and observation might reveal the defi- 
nite nature of the injury , thereby allowing institution of proper early 
treatment, accounts for a great many cases of prolonged disability 
and occasionally a permanent loss of function. 


Accurate Diagnosis of Each Injury.— Multiplicity of injuries 
which may follow severe knee-joint traumas require In this joint as 
In the shoulder and elbow Joints, accurate diagnosis of each inhirv 
and the adaptation of that line of treatment which will rive t hi 
greatest protection to ultimate function. 
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to the tearing ot the lateral ligaments and to the itrdching or na- 
ture of Internal cnidal ligaments. Injuries to the popliteal vessel* 
or nerves must always be kept in mind. Pressure upon the popliteal 
artery if the dislocation is left reduced may cause gangrene. In one 
of my cases of dislocation of the knee there was Immediate evidence 
of Injury to the anterior tlbial nerve, and within a few hours a cold, 
blanched lower extremity was noted. In spite of early reduction o 
the posterior dislocation, the lower extremity became gangrenous. An 
amputation was finally necessary. Immediately following the amputa- 
tion Dr. Hlrsch, pathologist at St. Luke’s Hospital, dissected out tne 
structures In the popliteal space. There was no evidence of external 
injury to the popliteal artery, yet the Intima of this artery had wen 
tom completely loose and washed downward for approximately two 
Inches, at which point it completely blocked the lumen of tbe artery. 
A considerable thrombosis formed above this point of block. 


TRAUMATIC ARTHRITIS OP KNTX 


Traumatic arthritis has nircady been mentioned. It can easily be a 
late development in knee-joint trauma. Contusion of the joint cartilage 
cannot be recognized in early x-ray pictures, and yet films token sev* 
eral months later may show definite evidence of bony proliferation- 
the picture of an osteo-arthritls. This condition may progress until 
the joint function is completely destroyed, when ankylosis will fol- 
low. This type of arthritis Is usually due to a combination of the 
trauma plus invasion of the knee joint by infection. Frequently trau- 
matic arthritis is a late development from injuries to the synovia 
Tbe synovial fringes may be contused by Impinging between the joint 
surfaces or there may be tears and hemorrhage Into tbe fat pads, es- 
pecially the infrapatellar pads and the fat contained within tbe lign- 
in en turn mucoaum. Contusion of a fat pad, followed by hemorrhage 
and swelling, followed by fibrous and frequently calcareous changes, 
may be the source of the arthritis and may eventually result in the 
formation of joint mice as described above. 


The knee joint is not an infrequent site for purulent arthritis, es- 
pecially in children and young adults. There is often a history of slight 
trauma, followed by an invasion ol the joint from pyogenic organisms 
within the body, and by abscess formation. Due to tbe firm tissues sur- 
rounding this joint, too many cases of purulent arthritis go undiagnosed 
until the x-ray shows definite damage to the joint cartilage and sur- 
rounding bone. Loss of joint function frequently follows this condi- 
tion. Early diagnosis, adequate drainage, Ike avoidcnce ol dralnafC 
Uibcs idlkM tkt >ottti, and early mobnixation of the Jdnt after drain- 
age are the only means which will prevent almoet complete Ices of 
function In the knee Joint following a purulent arthritis 
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their feet or, if this Is impossible, to use walking calipers. When 
cali pers are impractical, the patient should use crutches. Weight- 
bearing, as already Indicated, is an excellent preventive measure when 
mobilization of the joint is contraindicated 

Early Drainage. — Extensive swellings of the knee joint from effu- 
sion or hematoma should be relieved as rapidly as possible. Rest, 
beat, alternating heat and cold, and occasionally massage may be suffi- 
cient. However, in the more severe effusions, aspiration, and (if it 
recurs) repeated aspiration are far better than to allow the overstretch- 
ing of the capsule over a period of weeks. When there Is a herao- 
arthrosis, early aspiration will frequently prevent blood-clot forma- 
tion with subsequent organization and fibrosis and often traumatic 
arthritis of the various types already described 

The early diagnosis of pus within the joint and early drainage before 
great damage is done to the joint cartilages or adjacent bones is abso- 
lutely essential If complete loss of function is to be avoided 

Traction. — Traction, thereby separating the joint surfaces, is 
equally as important in the knee joint in many conditions as in the 
joints already described. Whenever possible, this traction should be so 
arranged that it can be released for active knee-joint movement at 
least twice a day. In the majority of cases where traction is necessary 
for fractures in the femur, and adhesive traction bands are used across 
the knee joint, release of the traction for knee-joint movement is im- 
possible. For this reason, skeletal traction through the condyles of 
the femur, leaving the knee joint free to be moved, is preferable. 

Early Treatment. — The earlier heat, massage, and active exer- 
cises can start in an Injured knee joint (depending upon the nature of 
the trauma), the surer are the possibilities of restoration of function. 

Mobilization or Patella. — The importance of mobilizing the pa- 
tella In practically all knee-joint injuries and In all knee joints where 
prolonged immobilization Is necessary, or has been instituted, must 
be emphasized and reemphasized. The tendency of the patella to be- 
come adherent to the infrapatellar tissues, the fibrosis of the bursae 
about the patella, and the contraction of the patellar ligament, is the 
commonest cause of stiff knee joint. Even when massage and exercise 
of the knee joint proper are impossible, that line of treatment should 
be adopted which leaves the patella exposed for massage and frequent 
lateral and up-and-down movements. Surgeons have learned the im- 
portance of keeping the foot elevated at a right angle to prevent foot- 
drop and the importance of placing the arm, In the case of wristdrop 
in a cock-up splint; they are more and more learning the importance 
of treating the injured shoulder in the abducted elevated position- but 
the importance of the mobilization of the patella, which foils ffi the 
same preventive category, is not appreciated or is too frequently 
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Early Function.— Prior to the War the majority of us, unable 
to recognize many of these ofccure Injuries, were satisfied with the 
diagnosis of Internal derangement or sprain of the knee joint and 
resorted to the time-honored treatment of Immobilizing the knee in 
a plaster cost for n period of several weeks or months. Fortunately, 
In the younger people nature was kind and restored full function 
after such treatment In older Individuals, however, prolonged Im- 
mobilization usually resulted In a stiff or partially stiff knee joint 
It Is noteworthy that In the knee joint, synarthrosis, thickening ol 
the capsule, contraction of the ligaments, and adhesions within the 
joint are not so common following prolonged Immobilization as b ibe 
case In joints of the upper extremity. The* exception to this is when 
the patient la bedridden and the knee Is Immobilized, especially In » 
cast. In this group, soft-tissue stiffness of the knee Joint Is common. 
Complete immobilization of the joints In the upper extremity Is prac- 
tically always associated with complete disuse, whereas complete 
Immobilization of the knee in a splint or plaster cast, provided the 
patient Is not bedridden, It always accompanied with a certain amount 
of use. Even though such a patient walks on crutches, the Injured 
loner extremity is swinging, Is being lifted to nn elevated position when 
the patient sits down, and Is otherwise moved. A patient who has hb 
knee Immobilized and yet Is allowed to walk upon that extremity b 
receiving more movement and exercise In the knee joint than * e 
usually suspect. Undoubtedly it U this limited exercise and limited 
continuation of function that prevents more severe damage In pro- 
longed Immobilization of the knee joint. We haw In this example 
an excellent criterion lor the functional treatment of all joints when 
immobilization of either the upper or lower extremity Is necessary. 
Active movements of the upper extremity and movements and weigh t- 
benring in the lower extremity arc essential if Joss of function In thdr 
various joints Is to be prevented. Patients who haw the knee joint 
encased in a plaster cast while the joint Is stlH somewhat swollen fre- 
quently complain that the cast b loose alter three or four weeks- If 
they only knew It, this Is a direct gift from the gods, for it allows » 
certain amount of motion which is greatly to be desired. 


Early Massage.— As far as possible, all injuries of the knee joint 
should be treated by early massage. This b especially true in frac- 
tures of the lower extremity which require the patient to be bedridden. 
A cast extending across the knee joint In a bedridden patient always 
result* in a stiff kn ee, which la overcome only after weeks of pro- 
longed effort. In older individuals it is frequently never overcome. 

WALHNO.—There are severe injuries within the knee joint and 
severe Injuries in the lower extremity that require prolonged Immobi- 
lization, often with a cmLLms o! function In the knee joint can be 
prevented or greatly reduced by allowing such patient* to WTtlk upon 
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For the last five years it has been my custom never to apply a pos- 
terior splint to the knee joint following this operation. The case is 
usually operated upon In the morning. In the afternoon I visit the 
patient and show him the loose, padded bandage which has been 
applied to the knee joint and instruct him that he is to move the knee 
as far as possible within this bandage. The patient can be trusted not 
to move it beyond the pain point Each day I instruct him to 
move the knee more and more, and by the time the stitches are removed 
on the ninth or tenth day the majority of these cases have from 35 to 
50 per cent knee-joint movement. 
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neglected. Id nil eases of frncturcd patella which have been operated 
upon, dally, and better, twice dally, exercise of the patella k P™* 
Importance. Most of us know this fact, but, let It be saw to our 
shame, few of us take the time evrry day to insist upon It. 

Treatment. — In Intra-artlcular injuries there nrc certain ones wWeb 
demand mobilization treatment and others which require prolonged 
immobilization. 


SEMILUNAR CARTILAGE INJURIES 

Synorith 

In semilunar cartilage injuries, correction of the locking, If present' 
is immediately necessary, followed by relief of the marked synovial 
effusion, usually by aspiration, and followed by a period of rest of 
the joint for two or three weeks. When seen early after the injury' 
these cases should be hospitalized nnd rest should be obtained by 
keeping the patient in bed. Large, hot fomentations applied to the 
knee with or without aspiration of the effusion furnish sufficient ^im- 
mobilization. After three or four days the patient should be allowed 
very slight active movements while in bed. If there fs a tendency for 
the effusion to recur, necessitating respiration, the period of rest in 
bed may be prolonged, or, after two weeks, the patient may be allowed 
to walk on the extremity provided the knee joint b strapped or band- 
aged tightly. The walking and the limited motion allowed within the 
strapping are sufficient exercise to prevent fibrosis. 

In cases seen late with effusion still present, aspiration of the effu- 
sion, followed by tight strapping or bandaging and allowing the 
petient to walk, is usually sufficient. In the latter case aspiration U 
frequently done in the office. The same meticulous asepsis relative 
to sterilizing the needle and preparing the field for aspiration must 
be followed in the office as la observed In the operating room. If, as too 
frequently happens, this is Impossible, the aspiration of the knee or 
any other joint should be a hospital procedure. It is well to have 
this late case report after one week, when the bandage or strapping 
is removed for the administration of beat (diathermy, infra-red lamp, 
electric baker, hot fomentations, local leg bath, or hot whirlpool 
bath), massage, and guided active eierdsa. The tame measures may 
be necessary in the acute case if there is still evidence of pain and 
some stiffness after be Is allowed out of bed. 


Operation— Following operations for removal of the semilunar 
cartilages, most authorities on this subject advise splinting for a 
period of two to six weeks. It is the practice of many surgeons fol- 
lowing this operation to apply a plaster cast for a similar period. 
The splinting or cast accounts formany of the cases of partial loss of 
function, so commonly seen following semilunar cartilage operations. 
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Manage, Heat , £xrrr/ir,-~Ma?sagc of (he muscles of the lower 
leg and of the thigh start early, but no massage Is given directly met 
the knee joint until the wound is healed, thus preventing the danger 
of Infection. The exception to this is the massage given by the surgeon 
himself when dressing the wound. At least two or three times during 
the first nine days the dressings are removed from the knee, and the 
surgeon, with his hands protected by sterile gloves, can swab the entire 
area of the knee joint with alcohol and massage the popliteal space, 
move the patella, and otherwise give n fnirly good massage to the 
joint proper. Massage of the upper and lower extremities can be left 
to the technician. After the tenth day, when the wound has healed, 
heat, massage, and active exercise can be given in increasing doses. 
By the end of the third week these patients can be discharged, usually 
with 75 to 100 per cent of joint function present (Fig. a?). If neces- 
sary, the physical therapy treatments should be continued until full 
joint function has been secured. This can usually be done after the 
patient Is ambulatory and has left the hospital by having him report 
either to the surgeon’s office or to the physician specializing in physi- 
cal therapy. 

This mobilization treatment, modified as necessary to meet special 
cases, can be employed In most operative conditions for the removal 
of joint mice, fat pads, following synovectomies, and similar conditions. 

In addition to the active motions herein described, the surgeon roust 
make sure that free movement of the patella is present or Is improv- 
ing daily. 

IN TEA- ARTICULAR INJURIES 


There are intro-articular injuria which may require prolonged im- 
mobilization, viz., stretching or rupture of the crucial ligaments; frac- 
ture of the tlbial spine or of the tibia] articular surface, with displace- 
ment; and, finally, dislocations of the knee joint. It is difficult for a 
surgeon to write of joint trauma without going into too much detail 
concerning the actual nonoperaUve and operative treatment of the 
condition. The length of this chapter reminds me that I have already 
indulged this tendency In other joint conditions. The purpose of the 
chapter is to deal with the prevention and, when necessary, thTrestora- 
tion of function in these disabling joint traumas 


DISLOCATION Or KNEE 


Rctuctton.-* <U»l«ation of the knee require Immediate reduc- 
tion followed by complete rest add immobilization. The crucial and 
lateral ligaments are al'royetora. Operative procedure for the reduc- 
tion is not necessary. ImmxH&tc operative repair of the cnidal or 
lateral ligaments is never Indicated. There U often damagT ofthTlolnt 
cartilage surfaces when a complete dislocation occuraFEr this reason, 
after reduction is secured, I prefer to keep the patient in bed with a 
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lost. Therefore, massage of the thigh and leg muscles and the use of a 
faradic or sinusoidal current to keep up muscle tone are most definitely 
indicated during the weeks of immobilization. 

Operative Procedure. — In the case of undue lateral or antero- 
posterior movement, I prefer to continue the wearing of the immobi- 
lizing appliances for at least six months before considering operative 
treatment on the crucial ligaments. If there Is evidence that the dis- 
ability Is due solely to a torn internal lateral ligament with semilunar 
cartilage displacement, earlier operative procedure may be Indicated. 

Physical Therapy. — In the case of a partially stiff knee joint after 
tbe cast or immobilization appliance is removed, I prefer slow, gradual 
physical therapy methods to overcome tbe condition rather t h a n for- 
cible manipulation. The latter can easily undo all the advantages 
gained by prolonged immobilization. 


TORN LIGAMENTS 


Immobilization. — Torn lateral ligaments and stretched or ruptured 
crucial ligaments are treated in exactly the same way as described for 
dislocation of the knee. Prolonged immobilization gives good func- 
tional results in the majority of these cases. Many of the cases which 
require operative procedure are those in which the diagnosis of dam- 
aged ligaments was never made and, therefore, the period of treatment 
was not sufficiently prolonged- After the acute symptoms have subsided, 
or after recovery from a semilunar cartilage operation (for many of 
these have been operated on for this condition), the patient is urged 
to walk and exercise his knee. His complaints of weakness, of f allin g, 
or other queer complaints were ascribed to a neurosis. Finally, such 
a patient is referred for reconstructive surgery. Complete diagnosis 
of the original trauma with sufficiently prolonged treatment might 
have resulted in a cure without the need of surgery. 

Tears of the lateral ligaments are better treated with the leg in 
complete extension. Tears of the crucial ligaments are better treated 
with tbe leg in 15 0 to 20° of flexion. Since it is difficult to determine 


which of these groups of ligaments has been more severely damaged, 
the dislocation of the knee should be treated with the leg either ex- 
tended or very slightly flexed. If no dislocation has occurred and the 
nature of the acddent was not too severe, the extension position is 
indicated; but if a definite diagnosis of torn crucial ligaments is made 
a position with io° of flexion is indicated daring the period of Immobi- 
lization. The same physical therapy measures outlined for disloca- 
tions are indicated in tbe treatment of these tom ligaments. 

The anterior crucial Ugmnent is more often stretched or' ruptured 
than the posterior .When the lower leg is partly flexed and . £ dd „, 
force on the outside of tbe knee or a fall of the body inward cataS 
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massage, and slight active exercises. At the end of five weeks the patient 
was dischar ged but was placed In a hotel rather than allowed to return to 
his home In a distant dty. Dally he went from his hotel to the physical 
therapy laboratory, where carefully supervised treatment was given. By the 
end of sir weeks, complete extension was allowed and flexion movements 
were actively performed until the pain point was reached. Heat, the whirl- 
pool bath, massage, and walking exercises, such as walking up a gradual 
incline and, later, the climbing of very low steps, were gradually added to 
the treatment. After io weeks no protective splints or appliances were used. 
At the end of four months I demonstrated this case before the Chicago 
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Surgical Society. He had 45 0 of flexion and a perfectly stable knee joint 
and walked readily without a cane. He stepped up 00 a chair In order to 
show his knee to the aodlence. In doing this he put the foot of the Injured 
leg on the chair first and raised himself with this leg. 

It Is my opinion that In younger mm with many years of active 
wort ahead of them this operation, followed by a careful physical 
therapy riglme, Is indicated when a loose knee Joint is the alternative. 
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a sudden abduction of the tibia with Internal rotation, the anterior 
crucial ligament Is usually ruptured. When the leg Is partly Oeied 
and the sudden force causes an adduction of the tibia, possibly with 
catemal rotation, the posterior crucial ligament may be ruptured. Urn- 
ally this force cames a fracture of the Internal articular shelf and 
tuberosity of the tibia nnd this fracture probably allows sufficient give 
° in t0 Pf 0 ' 00 posterior ligament from complete rupture, 
when the leg Is almost completely Hexed nnd the foot fixed and a 
strong Inward force Is applied at the knee, the tibia! spine usually 
fractures the anterior crucial ligament stretches or ruptures, and the 
external shelf of the tfblal articulation may be fractured. 

“’V b l i . Iul ' on5 ° fractur « and ruptures of the crucial llga- 
ments, especially the anterior ligament, must always be kept In mind. 
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was applied after ifx months and this wJImLFS 1 A hlnpcsl knee brace 
the knee was so unstable that he was . , l i’ " 5 t0 rmlk, but without It 
lowing a reconstructive operation which 39 * pallmt foh 

rccocitruct a new anterior crucial u 111 king fascia lata to 

and so stretched that It was useiessTThk W T 1 b* d been partbUy torn 
pletely by Jones, the original ooermt!™ . .°P eral ' or li described most com- 

Tbe question of prolonged tmmobillMtl™ "oSf? ,0 Hc >’ Groves - 

considered, but It seemed to me that enrlif f, c ^ lowin R this operation wss 
help strengthen this fascial replacement J^i unction °f the kr»ce Joint would 
fraction. Therefore, the patient was placed Jr, C u^f . to usume Ugiraentous 
splint and the knee flexed about io° Xiw.lL # ^ ^ In a Thomas 

whkh were atrophied, wu started "at^SPrtL^ 0 l*? and ^Iffh muscles, 
protected. The patient was Instructed to .hWi-u 1 * 0 " 1 Wd S carefully 
fourth day the patella was carefully moved W*ii ™ u * d ° end after the 
repeated at each dressing. All stitches were rJtuZ y kee P It free. This was 
the wounds healed, thus allowing more 1 rfki by *** 01(1 of two weeks and 
slight active motion of the knee Joint was nrr^S 8 *' At thi * time very 
weeks a posterior splint was applied with verv^i!?^ the end of three 
was allowed up cm crutches. He reported tn iK- .lr e J lori *®d the patient 

'"‘"W™ foe daily beet. 
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When these fractures occur with little or no displacement, a short 
period of complete immobilization, followed by mobilization and physi- 
cal therapy, usually results In excellent function. Great care must be 
taken to discover comcomltant injuries which may nullify efforts at 
functional restoration. 

I usually keep such patients in bed for one week If there Is marked 
effusion or hemo- arthrosis present The leg is protected in a Thomas 
splint and by traction. Aspiration is done if necessary. As soon as 
feasible, a posterior plaster splint from the mid-thigh to the ankle is 
applied and the patient is allowed up on crutches. Massage and move- 
ments of the patella are given. After two weeks the splint may be re- 
moved for heat, massage, and very slight active exercises. After four 
weeks, more definite slight flexion and extension can be permitted. 
Weight-bearing, at first aided with crutches, can start at the end of 
six weeks, and by the end of eight weeks, full weight-bearing and 50 
per cent of flexion should be present. Physical therapy is continued 
for another two weeks, by which time full function is usually restored. 

Where there is marked displacement downward with a very definite 
offset in the articular surface, operation is indicated, first to replace 
the fragment and, if this is Impossible, to insert a wedge of autog- 
enous bone which will reconstruct the joint Following this the Line 
of treatment is carried out as above, except that each step is delayed 
approximately two weeks. 

Fractures or the head of the rrauxA are the most frequently 
overlooked fractures in the body. They often occur with Pott's frac- 
tures. The latter give very definite signs and symptoms and the x-ray 
is confined to them. The fracture in the head of the fibula is not dis- 
covered until the patient’s complaint of knee pain and loss of knee 
function attracts the surgeon’s attention, usually weeks later. There- 
fore x-rays should always include adjacent joints in fractures of an 
extremity. 

Fractures of the patella are one of the commonest causes for 
loss of knee-joint function. Those due to marked contracture of the 
quadriceps, or due to direct injury, with little displacement, can be 
treated conservatively. Strong fibrous union of the fragments which arc 
even slightly separated seems to give good functional results. 

operative procedure: A fractured patella with definite separa- 
tion of the fragments is better treated by operative procedure. The 
technic will not be discussed except to say that I am securing a good 
union just as rapidly by the simple procedure of coaptating the frag- 
ments and then using mattress sutures of either No. 2 chromic catgut 
or a very small kangaroo gut placed through the patellar tendon 
periosteum, and aponeurotic covering, above and below the site of 
fracture, to bold the fragment In position. 



os isssyfi 


Knee 


TRACT URES 

Fcrlarticulnr-artlcular traumas of the knee Joint which require 
apodal mention arc fracture* which extend into the articular surface*, 
often resulting in permanent loss of function. 

A T-reACTURn through the condyles usually shows a marked 
backward displacement of the distal fragment'of the femur with sepa- 
ration of the fracture line between the condyle*. Occasionally one or 
the other condyle may be partially rotated. As nearly perfect alignment 
of Lho condyles as possible Is necessary for good function. At least 5° 
per cent of coaptation of the fractured fragments of the femur n 
sufficient to give good function. Belter approximation than this is, of 
course, desirable, but failure to secure It docs not warrant open opera- 
tive reduction. 1 mention this because I have seen far fewer good re- 
sults In knee function from operating on this fracture than I have 
seen when the closed method Is used. Manipulation, usually with 
strong traction on a Hawley table, or the slower method of skeletal 
traction, will reduce such fractures. The application of the fee-tong 
type of skeletal traction will tend to squeeze the fractured fragments 
of the condyles together. A Thomas splint with a knee attachment 
allowing flexion of the lower leg fs used and Is far preferable to the 
application of a thigh and leg cast with the necessary' immobilization 
of the knee. A Blake skate or a similar splint fastened to the sole of 
the foot keeps the foot at right angles and serves even a better pur- 
pose. To this splint Is attached a rope which passes upward to a puflo* 
on the fracture frame located lust above the knee, then passes through 
a second puBey Just above the patient's cheat, and hangs downward 
from this pulley with a hand loop In the end of the rope. The patient 
is taught to grasp this rope, and by pulling and relaxing it, be UfU *nd 
lowers his foot and leg, thereby maintaining a large amount of flexion 
and extension In the knee (see Fig. 2 ). This can be done without dis- 
turbing the fracture position. It Is applicable to all fractures in the 
shaft of the femur when skeletal traction is used and Is one of the best 
means of maintaining knee function. Combined with It should be mas- 
sage of the entire leg. Any method which will do away with the pro- 
longed Immobilization of the knee In extremity fractures with the 
■weeks and weeks of treatment necessary to overcome the resulting stiff- 
ness is to be greatly desired. 


F ractukzs OF TSE twul TUBKKosiTTM often extend upward an 
fawnrd into the joint The fractured fragment is often displaced au 
ward or fa accompanied with comminution and a marked down wit 
displacement, thus giving a bedded offset to the articular table of tl 
tibia- This latter condition usually occurs on the Internal aspect of ti 
joint. It results to an adduction deformity of the tibia and a rockto 
unstable knee joint. 
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He wears his splint when walking and at night for one to four weeks 
more, depending upon the x-ray findings, the strength of the leg, 
and the progress toward flexion function thus far made. 

Seldom is any splint or mechanical appliance necessary after io 
to 12 weeks. By this time the average patient Is able to flex his knee 
almost to a right angle. Further physical therapy is not usually nec- 
essary, as the patient has been trained by this time to perform exer- 
cises which wCQ Improve function. For most of them return to work is 
the best form of occupational therapy to use. I keep In touch with 
the patient until he can kneel and sit on his heels, both movements 
showing that function has been restored. 

Complete loss of the patella occurs rarely in civilian life. It may 
follow severe extensive wounds, as a gunshot wound where the knee- 
cap Is shot away; or a severe Infection with a complete sloughing of 
the patellar tendon patella, and tissues at the front of the knee; or, 
as in one of my cases, it may follow a sloughing without evidence of 
infection. 


Case IIL — Mr. H. ™ a railroad case sent to me from Ohio approxi- 
mately one year ago. Some eight months previously he sustained a fracture 
of the patella with separation of the fragments and was operated upon, 
chromic gut being used to approximate and hold the fragments. After a 
time the fragments separated, be was ag ain operated upon, and the frag- 
ments were approximated and held by the use of wire. The first operation 
was done by a median longitudinal incision and the second, by a U-shaped 
incision. Nonunion and separation of the fragments again developed, and 
a third operation was performed to which most of the wire was removed, 
although one loop was left attached to the lower fragment. This approach 
was by a lateral, longitudinal indslon. He was referred to me for an on- 
united fractured patella. The fragments were separated approximately one 


inch. The patient complained of pain, a sense of weakness In the knee 
joint, and only about three degrees of flexion movement in the knee. Here 
is an Important point: I did not give sufficient thought to the disturbed cir- 
culation in the tense skin and aponeurotic tissue overlying this patella. 
1 operated, exposing the patella, by a second U-shaped Incision. The frag- 
ments were freshened along their fractured edge, the loop of wire was re- 
moved, and then the fragments were drilled and kangaroo gut was inserted 
through the drill holes, forming two strong mattress futures, approximating 
and uniting the fragments. The thickened patellar tendon and apaneuraris 
were then sutured over the fragments with chromic catgut. The wound was 
dosed and the knee immoWUxed by a posterior plaster splint with the leg 
In complete extension. Whhin four days the mrrgins of my incision were 
black and gangrenous and the skin sutures sloughed out. The skin flap above 
the patella retracted, exposing the aponeurosis over th; patella, which was 
T™ »I°oghtag. In spite of every effort to stimulate dr- 

citatioe In these Baps, ell the soft tissues over the patella berame jaegrenoos 
Md either stashed or were cut away with sdssors. The patella ItSf™ 
fhully completd^eipowd, and within a mouth It was nMent that ™ 



A jtcr-trcatmc nt : So many different opinions ore expressed by nuthon 
concerning the nftcr-trcatmcnl of these fractures that the avenge 
reader Is often at sea. Recently I have seen the stopping of all im- 
mobilization nt the end of six weeks advocated. Jones advocates the 
wearing of protective splints for ns long as six months. I believe the 
various views depend upon the seriousness of the Injury, the amount 
of displacement of the fragments, nnd the operation. 

Badly comminuted and markedly displaced fractures probably re- 
quire longer immobilization than do milder types. Fragments main- 
tained In position by wire passed through drill holes have good In- 
ternal splintage and therefore probably do not require such prolonged 
external splintage. I personally prefer longer external splintage to 
hardware over the patella. 

In the average case — and there are many modifications of this, de- 
pending upon the case — I apply a padded posterior splint from the 
mid-thigh to the ankle Immediately after operation. 

Early massage of the thigh and lowcr-lcg muscles without removal 
of the splint Is started within three days. 

The wound over the patella Is dressed every other day alter the 
third day, with gloved hands, chiefly for the purpose of light manual 
movements of the patella to prevent infra-patellar ndbcslom. After 
removal of the stitches, the massage Is given over the knee joint and 
the movements ^ of the patella are Increased. 

After two weeks the posterior splint Is removed for massage of the 
entire thigh, leg, and knee joint, but no movements of the knee are 
allowed. After reappllcatlon of the splint, the patient can be allowed 
up on crutches, but no weight-bearing is permitted. 

The patient may now be discharged from the hospital, or, If be can 
afford It, he Is kept for further physical therapy treatment. If dis- 
charged, arrangements must be made to continue the removal of the 
splint and massage at least every third day. Walking with the injured 
leg swinging furnishes good exerdse. 

At the end of four weeks, shrugging of the muscles within the splint 
or during the massage treatments Is allowed, and very active foot 
exercises and the swinging of entire leg are started 

At the end of six weeks very gentle active exercise is allowed when 
the splint Is removed for massage. At first only 2 ° or 3 ° of flexion ore 
permitted This amount of flexing and extending la repented several 
times and the splint is then replaced. Daily or every otheTday for an- 
other three weeks the patient reports and the amount of flwion and 

tsiacd - U talking With the aid of only a cane, 

or possibly with no a s sistance. ^ 

After eight weeks the patient ij allowed to remove hi. «nllnt xv- 
eral times * day for the education of heat, rubbing £i«, end 
active oerdM. He can be trmted not to overfly It iLi to feet, 
must often be urged to stand a httle pain and flex ft m^ndmoS 
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Such a knee as this Incapacitates a man for heavy work. It Is pos- 
sible that he could carry on many heavy occupations if he wore a 
cage splint made of leather and side steel braces, partially hinged at 
the knee joint. It is possible that a reconstructive operation might be 
beneficial In the average case, but neither the patient nor the surgeon 
was willing to risk further incisions in this area of frequent opera- 
tions and disturbed circulation. 

Physical therapy for the purpose of overcoming musde atrophy and 
of securing io° to 20° of flexion in such a condition of complete loss 
of the patella offers the best chance of partial function. 

A dislocation of the patella, partial, Is not uncommon, but com- 
plete dislocation of the patella is comparatively rare in civilian prac- 
tice. The latter is often followed by recurrent dislocations. 

For partial dislocation or the first complete dislocation, manual re- 
duction, followed by three to six weeks’ immobilization of the knee 
in extension, is indicated. During this period of immobilization every 
effort should be made to strengthen the quadriceps and the patellar 
tendon by removing the immobilization apparatus dally, or every other 
day, the leg still being held in complete extension, and massage and 
muscle stimulation being administered by faradism or the sinusoidal 
current 

In recurrent dislocations the patient should be operated upon. Sev- 
eral operative procedures have been described. They consist of eithef 
increasing the flange on the external condyle of the femur or shortening 
and fixating the patellar tendons into the antero- interna] margin of 
the tibia, or a combination of both. The dislocation Is usually outward 
and would undoubtedly occur more frequently were it not for the 
fact that M tbe outer margin of the trochl earls surface of the femur 
acts as the flange of a pulley-wbeel and so offers resistance to the 
outward deviation of the patella.” (Jones.) 


Stiff knee joint following injury may be either fibrous or bony. 
An x-ray is always indicated to differentiate the type of stiffness. Fre- 
quently there is a combination of fibrous and bony ankylosis or, if the 
treatment of the stiff condition is too strenuous, the fibrous ankylosis 
may be changed Into a partial or complete bony ankylosis. 

Following the treatment of fractures in the upper extremity, In 
which the knee has been immobilized and the extremity completely 
out of use for weeks and months, the fibrous stiffness involves fibrosis 
of atrophied muscles, contracted fibrotic changes in the patellar liga- 
ment with fibrous adhesions in the infrapatellar space, contracted lira- 
ments and capsules, agglutination of the surfaces of the bursa with 
fibrous changes, and agglutination or thickening of the synovia. 

Fluently the Burgeon is tempted to hasten function in such a 
knee Joint by fordb e manipulation. The atrophied, fibrosed tissues 
have lost their normal elasticity and will therefore tear rath^tiu^fs" 
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fragments of the patella were dead and were utrnply two shrivrlcd, foreign 
Unite* lyfnR loosely within the wound. Finally, during the dressings tbe 
fragments of the patella were lifted from the wound earn without being cot 
away. In other words, the fdood sujtply had been no disturbed that, without 
any evidence of Infection, gangrene of the soft tissues and of the patella 
at the front of the knee drvelnned, and when all were finally trimmed away, 
we had a knee }o!nt covered by thick, fibrous Infrapatellar tissue, the 
patella completely pone, and the jwteHar tendon aWnt a distance of five 
laches, a large, raw area filling In by pranulatlun tissue and occupying a 
rpace of some four Inches In icneth and three inches In width over the 
anterior aspect of the knee. After the patella had l»rm removed, this un 
filled In rapidly with granulation tissue, and the fkln grow in from the 
margins, so that a skin graft was not necessary. The patelta was replaced 
by thick, fibrous tissue. Ural, massage, and eserdse of the lower extremity 



were persisted in during and after the h— n-„ . . , 

t cried for a time by a cage ipHnt, but as wHs, I n!i« xL ^ wa4 ^ 
of the quadriceps and other muscles wor ”’ 

an knee mintage ™ removed and tl". 1 PCT , Wcd ' 

uae the let: as much ai pouible. 1 «, tSiTatSt *° “ d 

eight months after the wwmd had compleSefyhS TlJ **T 

so” of flexion at the knee. He hadSnd < H WTOdmatefr 

CO !esel aurf.ee,. Jf he tapped on .ZtS, ta *!> f " 
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was ol weakness cc attempting to climb ataita fn ^ 1,at co '"P WBt 

tiro steps at a time provided there was , bmStTZS', "“H '% 

and help pull himself up (Fig. 30). which he could bold 
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In some of these crushing injuries, the quadriceps muscle and ten- 
dons may have been so damaged, and the scar tissue may so involve 
the capsule and ligaments, that a stiff knee joint is inevitable. Here 
judgment must be used relative to the length of the physical therapy 
treatment. It Is slUy to prolong massage and attempted flexion and 
extension exercises when the very nature of the injury and the asso- 
ciated resulting conditions within and about the knee joint mean 
that a stiff knee will result. 

Thick, fibrous pads within the capsule and within the joint proper 
seldom yield to forcible manipulation under anesthesia. Personally, 
I have seen so many disastrous results In marked fibrous ankylosis, 
following forcible manipulation under anesthesia, that I do not be- 
lieve description of the method is indicated here. Physical therapy, 
heat, massage, and assisted active and active exercises should be per- 
sisted In daily, as described above, as long as there is hope of Im- 
provement. 

Mechanical traction and slow, forceful mechanical flexion by means 
of various types of apparatus are often helpful in this type of knee 
joint In addition to the flexion traction described above, one may 
apply gradual forcible flexion by means of tumscrews fastened into 
a cast applied around the thigh, and a second cast applied around 
the lower leg and foot. Another method is applying a cast to the 
entire lower extremity and bivalving it at the knee, cutting out con- 
siderable distance of the cast in the popliteal space. Wedges are 
then gradually placed between the bivalvrd margins of the cast over 
the patella. The gradual separation of these margins causes knee- 
joint flexion. 

Jones describes Turner’s appliance for this gradual forcible flexion 
thus: A plaster of pans cast, well padded, is applied over the thigh, 
and a second well padded cast is applied over the foot and lower 
leg, leaving the knee joint exposed. Turner’s appliance consists of 
an instrument that resembles ice tongs but with the distal prongs 
elongated into strong bands that can be incorporated into the lateral 
or medial sides of the above-mentioned plaster casts. A tumscrew 
rod Joins the opposite arms of the ice tongs. The handle of the turn- 
screw points upward toward the patient. By Increasing or decreasing 
the distance between the proximal ends of the arms by revolving the 
tumscrew, the patient can cause a certain amount of flexion or ex- 
tension through an activating force carried to the distal arms encased 
in the casts. This appliance may be attached to one side of the cast 
but two appliances attached on either side give more even force 
(Fig- 3 1 )- 


Tra ror nm joint may be ran. in a tleqon position. This 
istar more dbabllng than a stiff knee joint In the ertensloa position 
0 physial ! therapy as sue used in fibrous ankylosis 
are required to overcome the condition. Traction applied for The 
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when forcible manipulation is applied. A marked traumatic rtartioo 
develops In the joint and practically always Increases the dlsabaUy, 
The swollen, acutely traumatized knee Is entirely too painful to tolcr- 
ate movement. The effusion and hemorrhage that accompany the swell- 
Ing predisposes to more fibrosis. Even If some flexion Is obtained, the 
atrophied fibrosed muscles and the contracted, thickened, weakened 
ligaments lack the power and function to maintain this fkikao. 


Physical Therapy. — Prolonged physical therapy offers far greater 
hope for restoration of function than does any other treatment 
It there is no active infection, but a swollen, somewhat painful 
knee is present, diathermy is one of the best means of relieving this 
condition. If possible, U should he Immediately followed by massage 
and very slight assisted exercises. 

Heat . — The application of various forms of heat, followed by in- 
creasing dotes of massage (nt first stroking but soon changed into 8 
kneading or effleuragc and especially aimed at loosening up the ad- 
hesions about the patella), and by assisted active and active exercises, 
should be given daily. 

Excrdtcs. Exercises which are performed by the patient are far 
better than passive exercises. The latter are soon changed into efforts 
at flexion manipulation by the surgeon or technfcfan and are frequently 
carried beyond the pain point, followed by a traumatic reaction which 
tends to undo the advantages thus far gained by physical therapy. 
After four or five weeks of treatment, the surgeon may attempt gentle, 
but somewhat forcible, flexion manipulations once or twfee a week. 
By this time, he knows the patient and knows bow much pain be can 
stand or how much ha assumes complaint of the pain. Never, however, 
told such fordble manipulation be carried to the point of tearing 
fibrosed tissue*. r 

a PPlioition of mechanical means 10 
| d0ptM pr , ovkW “*« «« ™ traunwxtfc reac- 
?t?P le ' lh * “l! 11 t* suspended in « 
Thomas sptmt at a 45 to a 60 0 angle. A binired fcnw* mav be 
a ppli«i to the Thomas splint Just below the ^nee nod the left sup- 
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carefully to prevent traumatic 

should always be accompanied by massage ,nd kD , c ' ^ nt ff? 

dse. especially extending and f f« ivT ^ 

o! movement thus far gained. SotnTof the tmlw ‘tl” 
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eral fibrous bands not sufficiently foreshortened or not strong enough 
to give the picture of stiff knee described above. 

Every surgeon interested in joint trauma should obtain the little 
book on manipulative surgery written by A. G. T. Fisher. In this 
book the author describes the indications and methods for manipula- 
tion in the knee joint. 

Following a few leas serious injuries to joints, pain and slight swell- 
ing, and especially pain on certain movements, will persist. These 
patients are frequently classed as neurotic because the physical exami- 
nation is negative. Usually such a joint is the seat of a contusion, often 
accompanying a complete or partial luxation, a sprain, or a contusion 
of the soft parts over the joint. The original trauma has been relieved 
and the surgeon becomes disgusted with his patient for still com- 
plaining of pain. These obscure conditions are usually the result of 
adhesions in or about the joint We expect scar tissue, that is, a 
fibrosis, in lacerations and open wounds which we can see, but we 
seem to overlook the fact that contused, lacerated soft parts below 
the surface undergo a similar fibrosis. 

Manipulative Surgery. — Manipulative surgery in these cases of- 
fers splemiid results. Careful study of such a joint will reveal the loca- 
tion of the adhesions, first, by the point of pain on movement; second, 
by a definite point of tenderness; and third, by a certain limitation of 
motion in some one direction, which is constant. Manipulation, usually 
with the patient awake, aimed at the breaking of these adhesions and 
the overcoming of the restricted motion, is the first essential, followed 
by daily movements of the joint to its full limit in all directions to 
prevent the reforming of adhesions. Physical therapy following manip- 
ulation is essential In most cases. 


Bony ankylosis is common. In tra -articular injuries, followed by a 
septic Infection within this joint, usually result in bony ankylosis. 
Failure to make an incision adequate for drainage of the Joint, the 
introduction of drainage tubes within the joint, and Immobilization of 
the joint by plaster splint or cast are more often the causes of bony 
ankylosis than is the invading organism. The importance of traction 
with daily mobilization cannot be too often emphasized. 

Injuries which cause damage of the cartilages within the knee joint 
are frequently followed by bone-cell proliferation and a joint synos- 
tosis. 

Occasionally bony ankylosis is due to a displaced fragment of a 
fracture with malunlon, the fragment acting as a mechanical bony 
obstruction to joint movement. 3 


PjocrmmE._O p «,U v t treatment of tine conditions 
must be considered. In tie last-described condition, the bony obstruc- 
tion can often be removed, with a good functional result following 
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purpose of the gradual, forcible Increase of extension Is usually Indi- 
cated. 

The hinged appliance with the upper and lower arms of the appli- 
ance connected by n tumscTcw can be firmly nttnehed to the posterior 
aspect of the thigh and leg and then, by the gradual turning of the 
screw, the amount of extension can be forcibly Increased. 

Whenever gradual, forcible flexion or extension devices arc used, 
they should be removed frequently for Inspection of the Joint to ascer- 
tain if a traumatic reaction has followed these maneuvers, or to 
ascertain if the knee is gradually returning to its original fixed posi- 
tion. If the amount of movement gained by gradual forcible flexion 
or extension is lost nftcr removal of the appliance, It usually Indicates 
a traumatic reaction. When this Is present, mechanical force should 
be abandoned for the slower but surer methods of physical therapy. 
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Physi cal therapy is indicated In these cases for the purpose of over- 
coming muscular atrophy and maintaining the strength of the quadri- 
ceps muscle. This can be accomplished by massage, leg exercises, and 
farad ism to the quadriceps. 

Positions or Function. — When, following knee-joint trauma, loss 
of function is threatened or inevitable, the surgeon must guard against 
faulty positions of stiffening and make sure that when the patient 
does recover, he will have the greatest possible usefulness In the dam- 
aged extremity. 

I recently talked with a number of orthopedic surgeons concerning 
the best position of ankylosis of the knee joint. Several felt that the 
leg was most useful when akylosed at appro xim ately a io° flexion 
angle. A few others preferred full extension as the best position of 
function when complete ankylosis was inevitable. 

In working men, especially when they must be on their feet all day 
and considerable walking is involved, I believe the full extension posi- 
tion gives more strength and causes less backache and tiredness in the 
lumbar region and groins. The slightly flexed position makes the anky- 
losis less apparent and probably is more comfortable and more useful 
for the sedentary worker. 

The tendency for” certain deformities In the knee Joint to develop 
during long periods of immobllixation must be guarded against 

As the knee Joint is stiffening following severe trauma, there is a 
tendency for an undue flexion position to develop. A flexion ankylosis 
beyond a io° to a 15 0 angle is extremely disabling. 

A genu hyperextension or backward angulation of the knee joint 
is prone to develop during a long period of rest In bed In lower extrem- 
ity Injuries. Frequent change of position of the knees, and especially 
flexion and extension exercises, are the best means of preventing this 
deformity. When this is Impossible, a posterior splint or a pad In the 
popliteal space is always indicated. In placing the lower extremity In a 
cast, it is better to have a slight degree of flexion present to avoid this 
danger of hyperextension. When the nature of a trauma c*T 1 « for a 
complete extension of the lower leg, the popliteal space should always 
be padded to prevent hyperextension. 

The concomitant in jukes of other joints in the lower extremity must 
always be borne in mind in the surgery of trauma. Protection of func- 
tion in the hip and ankle Joint while treating a traumatized knee Joint 
is imperative. The avoidance of flat foot and the making sure that the 
foot does not drop below a right angle will be of the greatest assistance 
in restoration of function in the knee joint. 


Ankle Joint and Foot 

Loss or function In the ankle joint following trauma Is most fre- 
quently the result of loss of the dorsifl exion foot function. An ankle 
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Arthroplasty . — Arthroplasty ot the knee joint Is indicated only In 
selected eases. In severe fractures into this joint, with bony ankylosis 
which has. obliterated all signs of the Joint surfaces and with the feu 
In fairly good position. It Is never Indicated. Stability of the knee joint 
is the first consideration, and the risk of giving n flail joint In such 
cases must be borne In mind. In eases of bod displacement, such as t 
marked flexion of the lower leg with a stiff knee joint, especially in 
younger individuals, the operation may be performed. Unless one an 
be quite sure of remodeling a good, firm knee Jofnt, ft fs better to 
straighten the leg and allow it to ankylose again in this improved 
position. In many cases of infection where bony ankylosis has oc- 
curred without complete loss of the contour of the joint surfaces, 
arthroplasty Is Indicated, but only after several months have elapsed 
since the active infection has ceased. 

In 1919 I observed Dr. Putti, of Bologna, Italy, perform this opera- 
tion and was Impressed with the extreme care with which he remodeled 
the exact contour of the condyles and the normal depressions in the 
head of the tibia, followed by n most painstaking refining of the joint 
by a pedicle fascial transplant. He demonstrated 13 cases operated 
on in the past, all of which had more than 75 per cent function in 
the knee joint 


Active and Assisted Active Movement. — Success in these cases 
since then has been due to the proper selection of the subject, the care 
exercised in remodeling the articular surfaces, the use of a sufficiently 
large fascial transplant, long-continued traction, and the early use of 
assisted active ^motion to at least 50 per cent of the normal joint 
movement, followed by active motion in the knee jofnt after six 
weeks and awodated with physical therapy until the greatest possible 
function Is obtained. ** 

pcouragement of these patients to persist in their efforts to re- 
gain function fa of the greatest importance. One should make some 
form of measuring appliance, showing the limitation of motion before 
the operatkm and the Increase in the amount of motion gained as time 
goes om Mothfng fa so encouraging as actually visualizing the prog- 
ress in the range of joint movements 0 

™r iOTmt durin e the period ot treat- 
ment ot any ot these old mint injurie* U nlwny. »n incentive to en- 
couragement and raSperatfon on the pan of tbenatlenU 
, '"TS* 5 ot tht k "« Johit with marked 

°' lOTta8 aU ™P ,S at trrthroptasty, 

Mechanical splints, leather knee jackets and .»„«*, j 

apUnta have been developed foe ' U "g! 

£n knee joint*. Operative promote 
u Indicated In moat of thee caves, 

the extension position mat toUow. ^ Uro with the leg In 
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Early mobilization of the various joints involved in the ankle and 
foot is imperative If fibrosis and a certain amount of stiffness are to be 
avoided. The foot and ankle stand immobilization better than the 
wrist and hand, due to the fact that these patients are usually up on 
crutches, are swinging the foot and lifting It into different positions, 
and frequently bear a certain amount of weight upon the extremity 
even though it is in a cast. Immobilization with a certain amount of 
function continued is less disastrous than immobilization with com- 
plete absence of function. 

The badly swollen foot which results from crushing trauma should 
be relieved as soon as possible. Hemorrhage under the strong fascia 
of the foot, If allowed to persist, often results in a fibrosis. We do not 
see the effects of ischemic paralysis in the foot as often as in the upper 
extremity. We see the “congealed foot” oftener than the “congealed 
hand.” This usually follows a prolonged persistent swelling, and espe- 
cially a persistent swelling combined with prolonged immobilization. 
It always results In a painful foot and is usually accompanied with 
cyanosis; dammy skin; thickened, hard, swollen tissues; and a stiff, 
useless foot 

Treatment — The acute conditions of the foot and ankle and vari- 
ous deformities of these parts are treated in other chapters. Treatment 
here will be limited to the restoration of function in old disabling con- 
ditions following traumas to these joints. 


TRAUMATIC ARTHRITIS OT ANKLE JOINT 

Traumatic arthritis of the ankle joint occurs in older Individuals 
who usually show a tendency to arthritis in other joints. A severe con- 
tusion of the ankle joint In an old Individual may result In this 
condition. The early x-rays are frequently negative and the condition 
is treated as one of contusion and sprain. At first there may be con- 
siderable mobility in the ankle joint, but this gradually decreases, and 
pain is complained of more and more. After a few weeks a second 
x-ray Is Uken which usually reveals osteo-arthritic deposits along the 
astragalus or tibia] surfaces of the joint or an area between the tibia 
and external malleolus of the fibula. Prolonged immobilisation, espe- 
cially in older individuals, Is to be avoided as far as possible. When 
there is a possibility of joint cartilage injury in these contused, sprained 
traumas, traction with separation of the joint is essential. Every day or 
every other day, the extremity should be released from traction, how- 
ever, and heat, massage, and active exerdse by flexion, extension and 
lateral movements should be allowed. Passive movements with thedan- 
ger of carrying these exercises beyond the pain point is never indicated 
r f 4 ht - b “ riBB , fre< l““ u y Predisposes to osteo-arthritls 
fa this }ofat- Hosier, after the cond.tion is established and sta- 
tionary, weight-bearing, although painful, should be encouraged Per- 
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Joint may completely lose Its lateral movement and yet, if this pown 
oT dorsiflexion of the foot remains, the patient can be comfortable and 
useful. Loss of anteroposterior movements of the ankle joint, especUHy 
In the equlnus position, Is the most disabling. 

Injuries which destroy the normal vertical weight-bearing angle 
through the ankle Joint always result in n certain amount of loss of 
function. This may follow fractures In the lower end of the tibia and 
fibula; Pott’s fractures, with a backward angulation of the dlsUl 
fragments, rarely a forward angulation of these fragments; and a 
fracture through the lower end of the fibula, often resulting In an 
abduction deformity followed by n traumatic valgus position of the 
foot. A traumatic varus position frequently follows fractures through 
the malleoli. AU these result In a loss of the vertical weight-bearing 
angle. 

INTRA-ART1CUI.AR INJURES 

Intra-artlcular Injuries may result In a traumatic arthritis, due to 
damage to the Joint cartilage, a contusion of the Joint followed by 
Infection with or without the formation of pus, fractures extending 
Into the joint with a fragment of the fracture protruding into the 
joint forming this type of arthritis, or partial or complete dislocations 
of the ankle joint. In the latter, a separation between the astragalus 
and the external malleolus, often resulting In a valgus position and a 
partial torward slipping of the tibia on the astragalus, Is not uncommon. 


PERIARTICULAR INJURIES 

Periarticular Injuries moat often resulting in loaa of function are 
severe crushing Injuries of the ankle with fibrosis of the cnpsule, llp- 
Infections following severe Injuries 
bi the nei^borbood Of the ankle, resulting in the snine fibrosis; and 

°1?' K li . 8 T' 1 ^ (oUowil ’8 severe sprains or sprain frac- 
tures. The whole condition often results In a weak ankle or turning of 
the ankle. 

The ankle joint and joints of the hind foot and the joints ol the 
forefoot are so closely related In [unction, and several of these are so 

r'ST y < f ncomit “ t Iy In the injury, tot restoration ol 

function usually Involve, consideration aimed toth at to ankle and 

an ME to 

weight-bearing angle, to nutiatenS^ a 0 ^ fl n 'S lnln 8 f , ^ 
conditions from developing as a permaSSrt cwSjS dU ” ° f ^ 
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least two weeks. During this period the use of diathermy will help 
relieve the pain and swelling. In the absence of diathermy, hot fomen- 
tations or the contrast bath, 12 min. of a hot local foot bath, then 3 
min of a cold local foot bath, or alternating hot and cold fomenta- 
tions, will all help decrease the marked swelling and reaction about 
the ankle and foot A pillow or blanket splint during this period 
will prevent redislocation and is usually ah the splintage that is neces- 
sary. From the third to the seventh day, very slight assisted active 
exercises may be used. During this period, massage of the foot, ankle, 
and leg, following the direction of the venous flow, and given daily, is 
indicated. After a week the amount of active exercise can be Increased. 
At the end of two weeks a light, molded boot splint holding the foot 
always at a right angle and protecting the back and sides of the ankle 
can be applied and the patient allowed up on crutches. He may now 
go home and report for physical therapy treatments at least every 
other day. These consist of heat, massage, and an increasing amount 
of exercise. At the end of a month, weight-bearing can usually be 
allowed. The contrast bath used two or three times at home by the 
patient with frequent periods of rest with the leg elevated higher than 
the buttock will prevent the swelling of the foot so common in frac- 
tures and dislocations in this region. From the fourth to the sixth 
week it may be necessary to protect the ankle by a firm bandage or 
adhesive strapping, but at the end of that period, if the above active 
treatment has been carried out, recovery is usually complete. 


OLD DISLOCATIONS OF ANKLE JOINT 


Old complete dislocations of the ankle are seldom seen. Operative 
procedure is usually necessary to overcome the contracted tendons, 
fibrosis, and the malposition of the bones when one of these cases of 
old dislocation is seen. I have had only one such case. 

Old partial dislocations with loss of function are not uncommon. 
Closed manipulation with a Thomas wrench will usually overcome 
lateral or medial partial dislocations. This should be followed by from 
two to six weeks’ immobilixation in a foot splint. The latter should be 
removed dally, or every other day, after the third day for hot contrast 
baths, massage, and assisted active and active exercises. Occasionally 
I put on a cast with walking calipers and do not remove It for three 
weeks. Every effort must be made to prevent fibrosis within the ankle 
joint or foot joint by maintaining mobility and exercise to as great an 
extent as possible. 


Anteroposterior partial dislocations of long standing may be reduced 
by dosed manipulation under anesthesia. If this fails, however opera- 
Uve tattrretraM b necrajary. Occasionally a tenotomy on tie’ tendon 
Achillea, combined with dosed manipulation, will overcome the de- 

2BH5: “* “ qUHTO of “ «*» 
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alstcnt use of heat, massage, and exercises, combined with weight- 
bearing, will often gradually smooth the small ostco-artbrHlc deposlti 
so that walking can be performed without pain. 

PURULENT ARTHRITIS OF ANKLE 

Purulent arthritis or direct infections of the joint from compound 
fractures Into the joint, compound dislocations, or direct injuries al- 
ways require adequate drainage If pus forms. Drainage tubes Into the 
joints are not indicated. They may be placed down to the joint Bi- 
lateral incisions with drainage down to the joint may be necessary* but 
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a througb-and-through i drainage tube practically always means erosion 
°f the joint cartflag^FrequMt active movement* 0 f the joint are indl- 
cated during this period of drainage (Fig. 33 ), 


DISLOCATIONS Of AN ALE JOTOT 

Dislocations of tie ankle Joint are to be reduced al rmre Prolonged 
(mmobniartion in a cast following reduction (s never Indicated even 
tiirogji the application of a cast to the dislocated foot trill allow the 
patient to be op sod around on crutches. After reduction of the re- 
cently dislocated ankle, the patient should be treated In bed for at 



Fractures of Tarsal Bones 
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are seldom markedly displaced. Rest in bed and traction to keep the 
joint surfaces separated, combined with heat, massage, and early 
active motion, will usually give a good functional result. 

DISLOCATIONS OF ASTRAGALUS 

Dislocations of the astragalus are not uncommon. Cotton describes 
eleven different varieties of this injury. It is frequently accompanied 
with open lesions. Marked damage to tendons and to the ligaments of 
at least four of the foot joints usually accompanies this dislocation. 

Effort should be made to reduce these dislocations by the dosed 
method as soon as they are seen. Reduction may be aided by the 
Thomas wrench. Failure at dosed methods should be followed by an 
attempt at open reduction. Pressure of the dislocated bone upon the 
soft tissues soon results in sloughing and infection. The latter is a 
serious complication in this condition. Therefore great effort must 
be made not to damage unduly the tissues during the attempt at 
dosed reduction, and failure of this method should be followed at once 
by an open arthrotomy. If the injury is a pure dislocation and no 
fracture is present, it can usually be reduced. Complete removal of 
the dislocated astragalus Is sometimes necessary, but it should be 
avoided when possible. If It is complicated with fracture, it is almost 
impossible to reduce the dislocated fractured fragments, and Its re- 
moval is therefore necessary. Never should pressure necrosis and the 
dangers which follow this be allowed to develop from leaving a dis- 
located fragment of the astragalus Intact. 

Following reduction, redislocation is very rare and need not be 
greatly feared during the active treatment of the condition. Mobiliza- 
tion of the foot with heat and active movements are far to be pre- 
ferred to immobilization by cast treatment Great attention must be 
paid to the protection of the badly contused, often partially necrosed 
soil tissues. Figure 33 Illustrates one of my cases In which the dis- 
located astragalus was replaced, this treatment being followed by early 
use of heat, massage, and active exercises. The result was the complete 
restoration of function within six weeks. 


FRACTURES OF THE TARSAL BONES 

Fractures of the os calcis , astragalus, scaphoid, cuboid, and any of 
the cuneiform bones seldom occur without a certain amount of damage 
in the adjacent joints of the foot. Much of the pain and disability 
which follow fractures of the os calcis are due to associated joint in- 
jury in the astragalus-calcaneus joint, either the result of the trauma 
or the result of the prolonged treatment of this fracture 

Fractures in the bones of the foot necessarily require a certain 
amount of iuaUon. Every- effort should be made for the best possMe 
re-apposition of these fractured fragments, otbenrise painful f£Tmay 
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FRACTURE OF UA&LCOLUS 


Fracture of either malleolus rrilh marked separation between the 
malleolus and astragalus may result In a gradual valgus or varus posi- 
tion when weight-bearing Is allowed. Reposition of those malleoli to a 
position as nearly normal as possible is therefore Indicated la all such 
fracture*. As a rule, In the marked displacement of the malleolus fol- 
lowing fracture, especially the internal malleolus, I make a small semi- 
lunar fndsion over the anteromedial aspect of the ankle joint, avoiding 
the tendons and exposing the fractured fragment. The displaced mal- 
leolus Is pushed or hooked up into its normal position, the fractured 
surfaces being carefully approximated. Two mattress sutures of No. a 
chromic catgut arc then outlied through the fascia and periosteum of 
the fractured fragments and tied, thus holding them In close apposi- 
tion, A second line of continuous catgut b sewed through the tom 
fas da to strengthen this fixation and the wound Is dosed without 
drainage. 


In addition to the advantage of repladng thb fractured fragment, a 
large amount of old blood and blood dots Is evacuated from within 
the ankle joint. I have performed thb operatfon some eight or tea 
times, and In every case there is always a marked hemo-arthrosis. 
These patients recover more rapidly and with better functional results 
than do those whom I have attempted to treat by the dosed method. It 
b Indicated only when there Is marked displacement of the malleolus. 
When these ones are treated by the dosed method, aspiration of the 
hemo-arthrosis i b indicated, if, as often happens, there b marked swell- 
ing of the ankle Joint 

, wiUl ^ nnk,c slightly Inverted Is applied 

following either the dosed or open method of treating these fractures- 
If the external malleolus b involved, a straight position of the foot 
b preferable to Invasion. Extreme inversion ns formerly practiced 
t0 * CT « days following the appb- 
osUm oi the spUnt, it fa removed, and massage of the foot, anile, 
and ower « £ «i ™r This fa reputed dallyoTevery other day until 
the tenth to the fourteenth day. By thb time the wound b healed. 

Th ”. S ™ Cb b. a « B rtS 0V ? ' 25 1, «hd slight active move- 

ment can be started. By the end ol the fourth w«k considerable 

n CU £r m n'TSSrtll?e U HrS rt ° f | ^ Patitnl >* allowed " f,h<xrt 
danger of refracture. Here again, contrast baths, various forms of 
heat applied daily, or every other day. ! 

of active movement will hasten 

longed swelling In the ankle ** C 

lowsaix weeks of immobilisation la a Jt P rattl °»ny always W- 


raACTOTIS tNTO AKJXS JOOTT 
Fractures through the infra-artlcular (act of it,. 
through the .rticular sprface of the astray ore ta 
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These cases should be treated either by prolonged gradual mobiliza- 
tion of the joint by physical therapy methods or by a period of physi- 
cal therapy fallowed by manipulation. 

Heat and Massage. — Heat is always Indicated. It may be given as 
diathermy, hot fomentations, bot baths, and preferably, contrast baths 
or bot paraffin baths as advocated for the hand. Massage, first of the 
stroking and later of the kneading type, accompanied with a sense of 
stretching and freeing of adhesive bands, should be given daily. 

Exercise. — Exercise, especially active movements by the patient 
himself, Is most valuable. If there is no contraindication for active 
use of the foot, mechanical apparatus may be used to Increase the 
amount of exerdse. Pedaling a sewing machine or a jig saw is a good 



F». J4- — A, an ankle rurcber ; B, aamr a* FI5. >4, a, 


occupational therapy maneuver. Figure 34 shows an ankle exer- 
ciser which has been very beneficial in overcoming stiff ankles due 
to fibrous ankylosis. Pedaling a bicycle is another excellent exercise. 
The bicycle can be made stationary by holding the rear wheel from 
the floor on a bracket. Xone of these exercises should be persisted in 
until the part is fatigued, and if swelling or reaction follows, the 
amount of exercise must be decreased. 

Forceful Manipulation. — Forceful manipulation of the stiff 
ankle joint under anesthesia is a questionable procedure, although the 
ankle joint wfll stand this better than most joints. Some advocate 
forceful correction, securing a certain amount of Jofnt movement and 
then placing the ankle Joint and the foot in a cast to hold this move- 
ment for a few weeks and then repeating the maneuver. Personally I 
am opposed to the cast immobilization, especially immediately after 
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follow. Seldom should Immobilliation of these fractures be permitted 
for more than two weeks without removal of the cost or fixation splint 
for the purpose of beat, contrast baths, massage, and ankle move" 
ment The day of prolonged immobilization of the foot in a plaster 
cast followed by weeks devoted to overcoming the swollen edematous 
condition of the member and the pain and stiffness so common In foot 
injuries has passed. There will always be a certain number of these 
complications, but closer attention paid to physical therapy measures 
herein outlined will prevent the majority of them. 


STITT ANKLE JOINT DUE TO TTBEODS ANKYLOSIS 

This Is usiudly due to prolonged fixation Mowing fractures In the 
lower extremity or to sepsis following either loodlrauma or a sec- 
ondary infection. As a rule, the ankylosU is In a faulty position, sod 
too often it Is accompanied by a certain amount of footdrop. 


“Congealed Foot” 
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BONY ANKYLOSIS OF THE ANKLE JOINT 

If the weight-bearing angle and the position of the foot are practi- 
cally normal, it is questionable whether an attempt should be made 
to overcome the stiffness. When the ankle Joint, however, Is ankylosed 
in a faulty position, operative procedure is necessary. Sometimes only a 
wedge of bone from the anterior portion of the ankle joint is removed 
to allow the foot to be brought to 90 ° of dorsi flexion. Sometimes the 
operation is for the removal of an obstructing piece of bone which has 
been displaced into the joint at the time of the fracture. Sometimes a 
refracture through the lower end of the tibia and fibula with a reset- 
ting operation to restore the weight-bearing angle Is all that is neces- 
sary. In a few cases a typical arthroplasty of the ankle joint may be 
indicated. 

Whatever the operative procedure, it should be followed routinely 
by heat, massage, and exercise in order to restore the greatest pos- 
sible amount of function. 

A cautionary note must be added concerning too early operations 
on the ankle joint, following a septic process. An infection at the site 
of a partial or complete arthroplasty can very easily spoil the result, 
likewise, too early weight-bearing following an arthroplasty can start 
up an ostco-arthritis in this joint which will be disabling. Here, again, 
a prolonged period of traction is indicated following the operation. 
In many of these cases a walking caliper with traction from a shoe 
to the end of the caliper can be used. This will keep the joint surfaces 
separated and at the same time will give the healing advantages and 
function-restoring proclivities of the use of the leg and foot. 


THE “CONGEALED FOOT” 

Mention has already been made of the “congealed foot.” The entire 
foot is swollen and firm. The skin is stretched, blanched, or cyanotic, 
is usually cold, and is often covered with a c lamm y sweat. The swell- 
ing usually includes the entire front portion of the foot from the as- 
tragalus to the toes. The patient complains of pain, and because of the 
pain he seldom bears any weight upon the extremity. He either uses 
crutches or bops. When visited in his home, he will be found going 
around the house resting the knee of the injured extremity upon a 
straight-back chair and moving this chair with him. I have recently 
seen a case of this nature of four years’ standing. Several years ago I 
had such a case referred to me from Jefferson Barracks which had 
persisted for two years. A heavy object fell upon this patient’s foot 
fracturing two of the metatarsals. The foot was badly swollen from 
the time of the aeddent and this swelling, which wee at first somewhat 
edematous and soft, gradually ^ became firm but periled the entire 
two years. I treated thb foot for ef E ht month, without relieving Se 
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maniputatton uoder ga,, tacmac d the danger ot nffl* ^ «»«■ 

matlc reaction from the trcatme ”|' K ^ therapy rOgfmc, as oat- 

jtlcht inflammatory reaction or even a eemnitls maj oot 

M rears. Certainly no manipulatire proccrlu^h^M l^^ (w 
In the prerencc of a potential 'n , «> lon - If -a c^daHy If b* 

two weeks of strong massage and active **'' cl5 / nr0 2Mtrc, foreeW 
parts have been loosened up lomcwhat b> this 1 The 

Manipulations, preferably without anesthola, rraj be tomJtl ^ ^ 

foot is grasped and strong traction Is nude dmmjwfl Gentle 

Joint. Usually there Is a certain amount of loo drop ’ trert- 

hut increasingly strong flexion and extension of thean i 10 

ing It back and forth, followed by strong lateral ot pjfc, 

carried out by the surgeon. The patient will usual!) “ J\ ,omettaB 

but as a rule It Is not severe. A sensation of stretching _ , , 

of a sudden tear of an ndhesion, followed by ■> 

mcat of the foot, frequently accompinles three (oot 

ately following manipulation, heat, the whirlpool “dbpT w y e 

bath Is used and the patient I, and 

to maintain the amount of movement gained. The 

exercise are persisted in dally, and after a week a fln d 

manipulation is carried out. Thus by alternating phplal 

manipulation, function can be restored in the majority ot caso 

^Occasionally a tenotomy on the tendon Achilles Is 

times a great deal of time and effort must be expended to omn ^ 

* we nine in the foot, the poor circulatory condition of the loot» *r_ 
Sotdrop before the ankle condition can be manipulated. Occasl^ 
the above manipulations must be carried out under anesthesia, 
this is done, the Thomas wrench Is usually used. The condition o_ 
corrected la usually an equlnu* position of the foot with an extent 
area of fibrous adhesions between the end of the tibia and the 
of the foot or between the fibula and the bones of the foot. Cc^n^ 
tioti of this deformity by forceful manipulation with the 'Th° r r^ 
stench may require a certain amount of fixation of the foot In toe 
corrected position to prevent recurrence. A metal aluminum 
blaster splint moulded to the back and opposite tide of the foot, «*/ 
l n p ^e injured areas open for the application of heat and massage/' 
better than the application of a plaster cast. Within three days 
tmmobflUation gphnt can be removed for a treatment of beat, m**' 
««o-e and slight exercise, after which the splint is reapplied. The more 
trrciuent the periods of mobilization and exercise following force f uI 
Manipulation, the less danger there la of recurrence of the condition- 
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This treatment is persisted in for from two to three weeks. Occa- 
sionally the patient will bear weight upon his foot gingerly at the end 
of that time, but as a rule, weight-bearing will not be tolerated. How- 
ever, improvement in the condition depends to a large extent upon 
redeveloping function. Two years ago Dr. Ralph Caro then, of Cin- 
cinnati, Ohio, suggested to me the use of a walking caliper in these old 
“congealed feet.” Since then I have used it In two cases with what I 
consider excellent results. 


Use of Walking Caliper.— -A plaster cast is applied from the toes 
to just below the tiblnl tuberosity at the knee. In this cast is encased 
a walking caliper. The patient is then given a pair of crutches and 
taught to walk, bearing the weight of the injured leg upon the iron 
loop of the caliper projecting below the cast. After the patient has 
learned to walk with this caliper, he is allowed to go home and persist 
in this walking for four weeks. He then returns to the hospital or 
the physical therapy laboratory, when the caliper Is removed and an- 
other stance of two to four weeks of heat, massage, and efforts at 
active exerdse are carried on. Again the walking caliper is applied and 
the patient Is allowed to return home for another period of four 
weeks. Usually, upon his return at the end of this period and follow- 
ing a period of massage and exercise, the patient can be persuaded to 
walk in a shoe, the leather of which has been cut so that it will fit his 
foot. If possible, he is persuaded to give up crutches and use canes. 
Continued use of the foot with continued contrast baths, massage, and 
exercise usually completes the cure of this condition. The treatment 
often must be persisted In for months. 


Case TV. — Figure 35 shows a foot which was so badly crushed that 
amputation of three of the toes was necessary. The foot remained badly 
swollen and developed Into the typical “congealed foot.” The patient was 
referred to me from West Virginia. His local physldan, according to the 
patient, had advised an amputation above the ankle. He had been treated 
by "every kind of light known/ so he stated. He was finally pronounced 
a permanent total disability case. When be was referred to me, four years 
had elapsed from the time of his injury. At the first examination, the patient 
would not allow me to touch the stamps of the amputated toes. He wore 
padding inside his sock over the amputated stumps and wore no shoe. 
He was using crutches but walked around the office by bopping. The foot 
was swollen more than twice the size of the wtH foot. My first Indination 
was to advise an amputation of the leg at the site of election, viz., the 
junction of the lower and middle thirds of the tibia. Before recommending 
thb, however, I placed the patient in the hospital and started the above 
treatment. At the end of two weeks I was able to massage lightly over the 
end of hh stump and could massage the rest of the foot The walking 
caliper was applied and he was allowed to return to his home. He usedthe 
walking caliper for six weeks before he reported again. The extra two week. 

he dreaded ffitfve up^XT^ 
remained In the hospital two and a half weeks for physical tberJ^, „ 
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condition. Five years Inter I heard that this patient ms stIU tufa;; 

CT ^1k prevention of this condition is to relieve the persistent strtHhig 
which frequently follows crushing injuries of the foot The presence 
a fracture should not explain the swelling and lull the surgeon to swp 
over the condition. It Is practically always due to hemorrhage 
dorsum of the foot and under the thick plantar fasda. If, wtiun s 
short time, such a foot does not ylctd to the elevated position mU1 
the application of hot and cold fomentations and the use of the con- 
trast bath, It Is wiser to make several small Incisions and evacuate w 
blood clot and the blood serum than to leave these In place to beco 
organized, shut off the circulation, probably develop a 
litis in the foot with a certain amount of endarteritis, and finally, tne 
"congealed foot” 

When such a case presents Itself, the surgeon Is Immediately con- 
fronted with tvro problems: (i) how to overcome the pain In this lew 
so that the patient will tolerate a certain amount of massage arra 
assisted active motion; as a rule, such a patient Is very nervous; be 
afraid to let the surgeon touch his foot, even for examination, ana 
will jeik It away at the least attempt at massage; and (2) how to 
secure the great advantage of function and exercise to help 0VrfU ** 
the condition — In other words, how to make the patient walk on tats 
extremity. The habit of not using It for months and often years must 
be overcome. 


Iupbovxment or Cihculation. — Such a patient should at first be 
treated In the hospital. The first efforts are directed toward Improve- 
ment of the circulation. As described In similar conditions In the hand, 
the contrast bath is an excellent stimulation of circulation. The foot 
is Immersed in a local foot bath with the temperature of the water 
from ioo° to no° F. (37.7° to 43-3° C.) or more If the patient 
can stand It. After 12 min. of this bath, the foot is immediately Im- 
mersed in a second bath of cold water of approximately 40° 
(4.4° C.) for 3 min. This contrast bath Is repeated three times, 
and given twice dally. The patient is then put to bed and the foot b 
elevated on pillowB and encased in large, hot fomentations, the base of 
the fomentations being a saturated solution of magnesium sulphate. 
The fomentations are changed every two hours. For a period of one 
hour between each change of the fomentations, the foot Is placed under 
an infra-red lamp or an electric baker. In the evening the contrast bath 
is repeated and the fomentations and light are kept up during the 
night After three days of this treatment, light massage is started In 
the nature of stroking, beginning at the toes and extending up the 
foot and leg in the line of venous flow. The strength of thfo massage is 
increased as the patient can stand it If the akin shows of becom- 
ing water-logged, the tot fomentations and contrast bath are replaced 
by the hot paraffin bath as described under Hand Injuries. 
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Functional Joint Conditions 

This could make a chapter in itself, and therefore only a few of the 
conditions will be mentioned. 

TfiAUUATIC NEUROSIS 

The more cases of trauma one sees, the less is his tendency to diag- 
nose thpm as traumatic neuroses. Many of the latter have, as an under- 
lying basis, a minute, often undfscoverable organic lesion which, if 
ferreted out, accounts for the apparent neurosis. A small adhesion 
within the knee Joint may cause pain upon certain movements. Physi- 
cal findings are practically negative and the x-ray is of no assistance. 
The patient, however, learns to avoid these sensations of pain by de- 
veloping the habit of avoiding the given movement. A faulty function 
of the Joint follows. The patient may visit many physicians who, 
failing to find an organic explanation of the condition, tell him there 
Is nothing wrong and that it is only a nervous condition. The oftener 
he is told this, the more self-conscious he becomes, and the more he 
feels misunderstood. Naturally such a patient develops a certain 
amount of neurosis. Therefore, before classifying any patient as neu- 
rotic, careful search should be made for all possible organic explana- 
tions of the condition. 

Many cases of joint injuries are treated by prolonged immobilization 
with disuse of the muscles, and nothing special is done to preserve 
muscle coordination and Joint sense. As far as ordinary examination 
goes and as far as x-ray evidence shows, the trauma of the joint is 
“cured.” However, the patient cannot or will not use the member. At 
examination the surgeon too often gives his sole attention to the 
patient's exaggerated efforts to use the member and to the neurologic 
findings of atypical areas of anesthesia and changes in the temperature 
sense. Most of ns fall to grasp the fact that prolonged Immobilization 
and disuse lower the sensitiveness of the sensory nerve endings and 
therefore may contribute to the neurologic signs frequently responsible 
ior the diagnosis oi neurosis. Finally, seeds of phobia are often planted 
in a patient's mind by the physician, the relatives, or by some Inter- 
ested lawyer, and these fears, combined with the long disuse of the 
muscles and Joints, may be the underlying cause of his neurosis. I 
am quite sure that in the above-described case of “congealed foot,” 
the removal of fear of amputation and of permanent disability and 
the encouragement given to this patient during the period of his treat- 
ment decreased considerably the symptoms of neurosis which were 
discovered in his case during his first two weeks in the hospital. For 
example, this patient had atypical areas of anesthesia over bis foot 
and lower extremity. These areas of anesthesia were variable, that is 
they were present in one area at one examination and at the second 
examination were absent over that area but present over another He 
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above outlined. Durlnc this period he went, to the ' 
department and pedaled the Jljt ww. Initratl * £\„y I„£t. WUh 

he 1 consented to use an old shoe which ms cut to mate l ety Kt y J , 
the aid of crutches he walked with the >hoe, in d k 

Zn the (oZ Tie was allowed to return home for another month «dj> 
nIT back in ChkaRo, recelvItiR further physical them W- 11 ^ d lk 
pair of shoe, of the blueher type. The lop »' >*» *'*»' Zffwkk wss 
too cue was cut and a piece of leather approximate! lyt ji c ' a 

.mined In to make the *hoc large enough to accommodate hb loot. 



Ftt. 45 . — Wtlklnt caliper In cue of congealed foot. 


^.Tl-lng with the aid of two canes. After two weeks of further physi^ 
therapy, he reported to my office with practically no iweDtng In the foot. 
He had had a shoemaker remove the piece of leather inserted in the tap 
of the new shoe, thus restoring the shoe to normal, showing that the 
frfrrJlinc had disappeared. That day be had walked sli miles, using hh 
nm« only for aaabUnce. He Infcmned roe that he Intended to walk back 
77^7, hotel after leaving my office— a dbtance of a mile and a quarter. 
Th 5 « natleot b almost cured, but treatment wfl] continue until he has dis- 
carded hh canes. I believe he wffi be able to return to light work in another 
two months. 
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Immediately the wrist flew Into Its stiff position and the fingers became 
extended and rigid. I immediately ordered the patient op for a second 
anesthetic but be refused to go. I then told him that I would try to reduce 
the addition under local anesthesia. A rather large, dull needle was used 
and salt solution was injected on the donum of the wrist and hand. This 
was dew none too gently and the patient complained bitterly. I told him 
that the injection must be made several times until we began to notice 
movement In his wrist and fingers. Injections were repeated and attempts 
made to move these parts. Finally, a little motion was gained and was 
gradually Increased until again we had the wrist dorsiflexed and the fingers 
completely flexed. They were again bandaged in this position. Three days 
later the bandages were removed, and although some stiffness returned, we 
were able to secure considerable movement in the wrist and fingers. Again 
they were bandaged In the flexed positions. Two days later the bandages 
were left off and massage and joint reeducation exercises were started. 
The patient was told to make pulp balls and each day be was to give me 
from is to jo pulp balls on my return visit Within two weeks the condition 
was cured. In ray judgment this was a true case of traumatic hysteria. 


Case VI. — A second patient was r ecen tly referred to me with a stiff knee 
joint He bad been operated on some eight months previously for a dislo- 
cated Internal semilunar cartilage. Following this operation, a plaster splint 
was applied to the posterior aspect of his leg and thigh and was left In place 
for six weeks before it was removed. Many attempts had been made to 
secure movement In the knee, but without result The patient walked stiff- 
legged with a rather exaggerated Iirnp and complained of pain In the knee. 
I kept this patient at the hospital and started physical therapy In the form 
of bent, massage, electric stimulation of the muscles, and assisted active 
exercises. Within two weeks the patient had developed a 45 0 flexion of his 
knee. Progress seemed stationary at this point. Under general anesthesia I 
was able to secure 90° of flexion of the knee joint without any trouble. 
The knee was bound In this position and the patient allowed to awake. He 
complained of some pain and discomfort but seemed happy over the amount 
of flexion obtained. While he was under the anesthetic, further flexion 
seemed limited. This limitation of motion gave the sense of fibrous limi- 
tation rather than of bony obstruction. Undoubtedly a certain amount of 
contraction of the capsule and ligaments and foreshortening of the weaker 
flexor group of muscles accounted for this limitation of flexion. Further 


physical therapy was given and we were always able to secure the 90° 
flexion of the knee. Further flexion was gradually returning. It was my 
opinion that this patient would make better progress at work rather than 
by continuing physical therapy treatments, therefore be was discharged. 

Two things bad happened to account for this patient's neurosis: Right 
after the operation the doctor had told him that he had cut one of the 
ligaments and that the sewing up of this ligament had shortened It so that 
the patient must not expect to have full range of motion in the knee joint. 
Tbe surgeon who performed the operation lived In another town. When he 
saw the patient at the end of six weeks with the posterior splint still in 
place, be critldxed the local doctor In the presence of the patient, statin* 
th« tbe ■pllntlett on •» loos ™ Ihbte to mole a niff late. I„ my 
tbne ttco thing. contributed to tbe netmali. After returning himT lib 
patient refuted to go to work until a settlement waa made for hia’lmS 
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made exaggerated efforts to swing his lower leg when first examined, 
and, ns one of my assistants expressed It, w If his foot wasn’t so siroi- 
Jen, I would call him a neuro. All these signs and symptoms have 
disappeared with the Improvement of the condition of the foot. 

A pure traumatic neurosis In a joint usually gives the picture of * 
stiff joint. Occasionally it Is a flaedd condition of the joint. The history 
of Injury Is often very slight. When the condition of marked stiffness 
develops Immediately after a slight injury’, I am more suspidous of 
Its being n neurosis than when ft develops several days or weeks after 
the injury. In the latter I am suspicious of adhesions or of other 
causes of painful joint which hold ft rigid. Frequently the hysterica] 
stiff joint has only the manifestation of stiffness and there is do com- 
plaint of pain. If the condition Is seen early, there is no swelling. If 
areas of anesthesia arc found about the joint early, I am more sus- 
picious of their being due to a functional condition than when they 
are seen late and after long disuse of the muscles. In the latter In- 
stance the condition may be due to lowered sensitiveness In the sensory 
endings. 

Examination under anesthesia Is one of the best means of differen- 
tiating between the functional stiff joint and the stiff joint due to some 
obscure internal derangement. 


Cmz V.—ThU patient was referred to me for a stiff wrW joint. The 
eondhlra Wkmed Immediately after a faffing rock hit the lack of the 
paUenfs wrist dining a blasting In « quarry. His phytfdan stated that 
the wrist was never Wien but that the patient complained from the start 
°J_ j ^ perfectly straight and rigid with thf 

fingers rigidly extended. The patient would not tolerate manipulation becatse 
% “f 1 , by "» *°™ th ree months following the hjar. 

By tU> tato rtfd poltlon of the wrf« and hand ted caused > certain 
'“"‘T ? Jffi 1 . ««i cyjnod, in the extremity. (Try holdlni! ^ 

am ““ •Wd b «n Wbmi poahloo for jo mfn. and note thU tendency 
l ? *33 3?™^ ' i eumfnaUons one nesnllve except for 

flne rigidly a»d allege d pain over the ta* of the wrbt ondtaod. The entire 
dorsum ot to bend «J>tmed aneuhetia to pin prick. X-ray emmtatkn n» 
■>'** tlre -, S3 P«i»«d even .ben the patient was asleep. It 

™«2ttatfc! P,ta 481 8 coold not be rn.de without 

Under rather deep anatbrak I -U able to „ d d ^ rfs 

jrithOTt any evidence of rakum* M trom ed,*^ ™ oUtructkc. 

The Cnffera could likewise be flexed and extended. The wrtw placed l n 
doratBexion, the Anger. completely flood, th , .hlhJSJtand 

then the enUra hu.ae.dJ.TO Srty SlLtl'SS Tte 

^‘b^r^ntvxt ssSS, u ™ ribs 

SLhis complaint, of pain were leTSS, ^ " ‘‘'ral'w.TO 

were removed for the porpoae of exen^k^,ft^££ 
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immediately the wrist flew Into its stiff position and the fingers became 
extended and rigid. I immediately ordered the patient up for a second 
anesthetic but he refused to go. I then told him that I would try to reduce 
the condition under local anesthesia. A rather large, dull needle was used 
and salt solution was Injected on the donum of the wrist and hand. This 
was done none too gently and the patient complained bitterly. I told him 
that the injection must be made several times until we began to notice 
movement in his wrist and fingers. Injections were repeated and attempts 
made to move these parts. Finally, a little motion was gained and was 
gradually increased until again we had the wrist donlflexed and the fingers 
completely flexed. They were again bandaged in this position. Three days 
later the bandages were removed, and although some stiffness returned, we 
were able to secure considerable movement in the wrist and fingers. Again 
they were bandaged in the flexed positions. Two days later the bandages 
were left off and massage and Joint reeducation exercises were started. 
The patient was told to mate pulp balls and each day he was to give me 
from is to ao polp balls on my return visit. Within two weeks the condition 
was cured. In my judgment this was l true case of traumatic hysteria. 

Case VI. — A second patient was recently referred to me with a stiff knee 
Joint. He had been operated on some eight months previously for a dislo- 
cated internal semilunar cartilage. Following this operation, a plaster Splint 
was applied to the posterior aspxxt of his leg and thigh and was left In place 
for six weeks before it was removed. Many attempts had been made to 
secure movement in the knee, but without result. Tbe patient walked stiff- 
legged with a rather exaggerated limp and complained of pain in the knee. 
I kept this patient at the hospital and started physical therapy In the form 
of heat, massage, electric stimulation of the muscles, and assisted active 
exercises. Within two weeks the patient had developed a 45 0 flexion of his 
knee. Progress seemed stationary at this pjoint. Under general anesthesia I 
was able to secure 90 0 of flexion of the knee joint without any trouble. 
Tbe knee was bound in this position and the patient allowed to awake. He 
complained of some pain and discomfort but seemed happy over the amount 
of flexion obtained. While he was under tbe anesthetic, further flexion 
seemed limited. This limitation of motion gave tbe sense of fibrous limi- 
tation rather than of bony obstruction. Undoubtedly a certain amount of 
contraction of tbe capon] e and ligaments and foreshortening of the weaker 
flexor group of muscles accounted for this limitation of flexion. Further 
physical therapy was given and we were always able to secure the 90° 
flexion of the knee. Further flexion was gradually returning. It was my 
opinion that this patient would make better progress at work rather than 
by continuing physical therapy treatments, therefore he was discharged. 

Two things had happened to account for this patient's neurosis: Right 
after the operation the doctor had told him that he had cut one of the 
ligaments and that tbe sewing up of this ligament had shortened It 90 that 
the patient must not expact to have full range of motion In the knee joint. 
The surgeon who performed the operation lived in another town. When he 
caw the patient at tbe end of six weeks with tbe posterior splint still In 
place, be criticized tbe local doctor In tbe presence of the patient stating 
that the splint left on so long was liable to make a stiff knee. In my opinion 
these two things contributed to tbe neurosis. After returning borne this 
patient refused to go to work until a settlement was made for his ’knee 
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disability; thus the possibility of a compensation necrosis was injected into 
the case. 


COMPILATION NF.UHOSIS 

Often this desire for settlement, In public or industrial aeddents, 
furnishes the basis for the neurosis. The term ‘‘compensation neurosis” 
best explains this condition. However, surgeons must be careful not to 
make this diagnosis until they have ruled out all possible organic 
lesions and all pure neuroses which may be the true cause. The ten- 
dency to pin “compensation neurosis” upon these Injury cases b be- 
coming more prevalent than the often-made diagnosis of malingering. 


MALIK GEM NO 

True malingering Is a rare condition. Most cases must be placed 
under careful observation In the hospital before this diagnosis can be 
definitely proved. When the nurses, Internes, or orderlies discover 
that a patient with an alleged stiff joint is using that joint In the bath- 
room or while playing a game of cards with the other patients In the 
ward and that It again becomes stiff as soon ns the surgeon comes to 
the ward, one can definitely diagnose malingering. 

Mary cases, physically and mentally weakened by prolonged suf- 
fning, develop neuroses. Gradually they come to realise that they 
can use the given joint, but the habit of loaJW and of depending upon 
others, and the dread of again assuming the burdens of life owe 
them consciously to hold fast to their complaints and ndd other sfp» 
and symptoms to the condition. Often the question of settlement is 
Involved. These are the cases of traumatic hysteromafingcring that are 
far more common than pure malingering. 

In functional condlUons of the joint one must avoid getting Into a 
1114 ° f J 1 Ia< * physicians say to me: “Here'ls a case of 

traumatic hysteria. I have told him there Is nothing wrong with him, 
?. U ‘ ™ r? ^ giving him a Utft treatment Wo o' 

P?° r treatn >»t for neurosisl On the one 
re fehs hhn there Is nothing wrong with him, while 

or "for Ita^psybhSoglc ^atS^ T^S 

It Is easy to stimulate Ideas of grand^r "^, ^ fo ™ °L 

of the CMC in the patient’s mind with physical ther^^h^a fane- 
tfonal condition is the underlying cause of hi, diSlty You can 
sometimes rub In more neurosis i a an hour ton y™ “ to o£ to . 
year. 
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FORMS OF PHYSICAL THERAPY 


This chapter has been written for the average surgeon who must 
depend upon the intelligent use of his hands and the common-sense 
use of the ordinary physical therapy apparatus usually available for 
the treatment of his cases. 

Machines. — Diathermy machines, expensive quart! lights, various 
kinds of electrical apparatus, and other more or less complicated forms 
of machine therapy should be provided by a physician in your com- 
munity who is specialising in physical therapy. Every hospital should 
have a thoroughly equipped physical therapy department supervised 
by a physi cian familiar with the use of these more expensive and more 
complicated types of physical apparatus. The surgeon should be able 
to refer his cases to such a department for Intelligent, common-sense 
physical therapy treatment On the other hand, the surgeon should not 
lose interest in his case when it is referred for such treatment It is 
only by close coQpe ration and coordination of effort between the physi- 
cal therapy department and the surgeon that the best results in func- 
tional restoration can be secured. 


Occupational Therapy. — Occupational therapy should be made a 
definite part of, or should be coordinated with the physical therapy 
department There Is on increasing number of wen-trained physical 
and occupational therapy technicians who can be placed In these de- 
partments. To leave the physical therapy and occupational therapy to 
the technicians, tmsupervised by a physician especially qualified in 
physical therapy, or, if this Is impossible, unsupervised by the surgeons 
in the hospital interested In securing functional restoration, Is a mis- 
take. The departments will grow and increase in usefulness Just as 
the interest of the staff in these departments grows. The technicians 
real he this fact and are most anxious to have their work supervised 


Importance of Physical Therapy. — When physicians and surgeons 
realize that physical therapy definitely belongs to the medical and 
surgical field, they will cease sending these cases for unsupervised 
treatment to laymen who are developing so-called physical therapy 
offices in almost every dty. Masseuses, gymnasts, health institutes, 
osteopaths, and others who are treating all comers by their various 
methods of massage, manipulation, and exercise instead of working 
in dose cooperation with tbe physicians wbo know the needs of their 
patients, belong in tbe class of cuitists. 

In this chapter on Joint Injuries, I have gone Into considerable de- 
tail concerning tbe physical therapy measures employed for each 
individual joint. The surgeon must realize that the problem is more 
complicated In many of these cases than the mere heating massaging 
and exercising of tbe given joint The Joint is a component part of 
the extremity. The injury Itself or the prolonged disuse of musdes, 
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nerves, tendons, and ligaments in the remaining portion of the extrem- 
ity may account for the loss oT function. No matter how much atten- 
tion is given to restoration of function in one Joint, our efforts maybe 
nullified if we fail to treat the joints, muscles, nerves, and other soft 
tissues in the rest of the extremity. 

Coordination of the muscles and redevelopment of Joint sense are 
essential in restoring joint function. Thus, in injuries of the lower 
extremity, the entire attention must not be directed to the stiffened 
knee. The patient must be taught bow to swing his entire leg, bow to 
abduct and adduct the leg, how to flex and extend his foot, bow to 
walk In a straight line, climb stairs, and climb over objects, bow to 
stand on hb tiptoes, and similar exercises, all directed to reestablish- 
ing muscle coordination. 

Influences such ns gravity and other conditions responsible for the 
assuming of faulty positions in an extremity must be constantly 
gummed against by the use of proper splints, traction, and corrective 
Vi™ , the group of muscles so dominate the function 
? „1 8 f v hat t . th ^ wca . ker onta gonista cannot act. This Is seen In fa- 
in rf ^oulder joint when the strong pectoralls major and the 

m J 15d “ have become overramtracted during a period 
!Im ' 8™% plays a part In further treai- 
^« m ^f^ 0n! ;, Th ,' rcfore ' Coring the treatment of the upper 
the weaker tmivl alt f” t {, 011 ™ ust he given lo maintaining function la 
“> d ' V ' lo P ta ® coordination between the abduc- 
^t£«Ynd 5w’ t0 P rot «ti"6 the part against gravity. H* 

CSoT^ty" 0 ^ ° re ° th " cxcdlcm cxam P 1 " 0( <** d ' ,onn - 

an^CHaerTo^old the patient cum himetj. 1° 

tion of function depends chiefly I UD<m .he !0n ?! ty U ’r“' Umale r ^'° f S 5 ‘ 
the proper foundation. for^eSL^ “*? '““'T 4 ' ^ "urge™ . buD * 
teacher but the becomes the guide and 

that results In tte cure. Both^th^ ^ Btick - t0 * it * hren ^ 

constantly taprese this fact uoon tb^'or 0 ’J* technician must 
his cooperation and unless helrats fortSf ^ Uen V U. 111 ” 5 y°u can secure 
dally or weekly improvement Chi. 1 cffort3 to show a slight 

be of no awn. 1 1115 condition, phyrical therapy w® 
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CHAPTER FOUR 


PHYSICAL THERAPY IN BONE AND JOINT 
TUBERCULOSIS 

Willis C. Campbell, MB. 

The occurrence of tuberculosis In bones and joints is but an incident 
in the dissemination of a constitutional disease; orthopedic treatment 
alone Is consequently ineffectual and every effort must be employed 
to eradicate the systemic infection. The aim of antituberculosis 
therapy is to utilize to the highest degree the body’s reparative powers 
by means of rest, a high caloric diet, drugs, tuberculin, fresh air and 
sunlight. Orthopedic treatment, whether nonoperative or surgical, con- 
sists of measures which prevent deformity and immobilize the affected 
articulation until the tuberculous process has been arrested by natural 
forces. The local and constitutional treatment cannot be dissociated 
except for convenience In description, but since light therapy has such 
a definite action on the tuberculous process, It should be employed 
routinely in every case of bone and joint tuberculosis. 

Etiology. — The infectious nature of tuberculosis had been suspected 
for many centuries, but it was not until 1882 that Koch succeeded in 
isolating and cultivating the tubercle bacillus. Several types of tubercle 
bacilli are recognized, but only two types, the human and the bovine, 
commonly cause infection In the human body. Tbe bovine type of in- 
fection is more prevalent in children than In adults, the Incidence of the 
bovine type constituting nearly one-third of tbe total number of cases 
in very young infants. When all ages are considered, the incidence of 
bovine tuberculosis amounts to only one-fourth of tbe total number of 
cases. There is no essential difference in the pathologic reaction pro- 
duced by the two organisms, so that for practical purposes, differentia- 
tion of them may be disregarded. The portal of entry in either case is 
through the mucous membranes of the alimentary canal or respiratory- 
system. The invasion of these tissues is followed by tuberculosis of 
tbe lymphatic nodes, cervical or mesenteric, and from this focus, the 
bacM are distributed through the blood stream to the bones or joints. 

In addition to tbe infecting organism, two other causative factors 
should be considered; first, the predisposition 0 f tbe patient, and 
secondly, the local conditions that favor tbe implantation and growth 
of the bacillus. Hereditary transmission has been disproved but direct 
infection from association with a tuberculous member of 'the family 
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Bone and Joint Tuberculosb 

la of frequent occurrence. Mild trauma la nn accepted predisposing 
cause, while severe trauma, as extensive fractures or crushing of the 
joint surfaces, Is rarely, If ever, followed by tuberculosis. Bone and 
joint tuberculosis Is essentially a disease of childhood, beginning more 
often between the ages of three and five, but It Is undoubtedly more 
common In adults than Is generally known, ns many cases of chronic 
arthritis continue until death ensues from other causes without a cor- 
rect diagnosis having been made. Joint tuberculosis is usually a mon- 
articular affection. The spinal column Is affected most often, next In ^ 
frequency being, respectively, the hip, knee, and ankle Joints; the 
joints of the upper extremity arc less often Invaded. 


Pathology. — The tubercle bacillus causes Inflammatory change* 
which are so characteristic that a diagnosis may be made by histologic 
examination, even without the finding of the badllus. The histopathol- 
ogy of tuberculosis in a joint is the same as that of a tuberculous 
process elsewhere in the body. Following the deposition of the tuberde 
bacilli in the tissues there is a proliferation of the cells lying in direct 
contact with the bacteria which results In the formation of a tubercle. 
The microscopic examination in the early stage shows an accumulation 
of endothelial leukocytes and surrounding this, an area of lymphocyte*. 
Later, the endothelial leukocytes In the center of the tuberde coalesce 
and form a giant cell of the foreign body type. At this stage, the 
giant cell is surrounded by a rone of amorphous glandular material. 
Encircling this, and encroaching upon It, is another xone composed of 
endothelial leukocytes, many of which show a radial arrangement of 
their mideL Finally, there is an Invasion by lymphocytes, polymor- 
phonudear leukocytes, and fibroblasts. As the lesion becomes older, 
the fibroblasts are found nearer the center of the tuberde. The blood 
vessels become oeduded, resulting in necrosis, and the toxins which 
are elaborated by the bacilli may also produce disintegration and 
caseation. 


The pathologic process usually begins in the bone, just external to 
the epiphysis, in the vascular area known as the metapbysfa, although 
primary tuberculosis of the synovial membrane is occasionally ob- 
served. There is a gradual atrophic and destructive process which In- 
vades the joint from without^ the articular surfaces being undermined. 
Coinddently with invasion of the bone, there is a sympathetic arthritis, 
and after the joint Is invaded, there I* a gradual proliferation of the 
synovia, hypertrophy of the villi, formation of granulation tissue In 
profusion, and CToslon of the art rahr nirf BCf3 . There may be a change 
in relation of the joint, with malposition, subluxation or complete db- 
location. Cold accesses are formed from caseation and necrosis; they 
follow the line ofleast r«lstance and appear beneath the skin ai fli*> 
tuatlng masses^The evolution of the procow requires from one to 
three years, depending upon the joint Involved, the resistance of the 
Individual, and the virulence of the infection. 
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Symptomatology —The chief symptoms of joint tuberculosis are 
pain, disability, limp, swelling, stiffness and night cries. The physical 
findings are swelling of the joint, with or without apparent increase of 
the synovial fluid, muscular atrophy on either side of the joint, in- 
creased local temperature and daily elevation of the general body tem- 
perature. The onset is gradual and insidious; spontaneous pain and 
pain on attempted motion are early symptoms. The pain is referred to 
a more distant point in the extremity when the disease Is in the proxi- 
mal joints, as the hip and shoulder; when the disease is in the peripheral 
joints, the pain Is local. Swelling is more apparent in the superficial 
joints and the local heat is usually Increased. Muscular atrophy occurs 
earlier and progresses more rapidly than in other joint affections. Mus- 
cular spasm, or rigidity, is a characteristic manifestation. Local symp- 
toms are more definite in children than In adults. 

The muscular spasm limiting joint motion is less pronounced In 
adults and years may elapse before there is any material impairment 
of function. This is due to the fact that the bones of adults are harder, 
more dense and not so easily invaded as the bones of children. In 
the acute stage, deformity may be caused by muscular spasm, but in 
the later stages the malposition may be attributed to muscular and 
ligamentous shortening, to bony destruction or to ankylosis in a faulty 
position. 

At the onset the patient Is usually well nourished, and there may he 
no debility until the symptoms become acute, with excessive pain and 
loss of sleep. Loss of weight is rarely observed until the late stage 
or as the result of some complication, such as secondary Infection. 
The temperature at the onset may be moderately elevated; In tuber- 
culosis of the hip or spine, the afternoon temperature seldom exceeds 
37-*° to 37-7° C. (99° to ioo° F.), but when the knee, ankle or 
elbow is Involved, the temperature Is usually elevated to 38.3° to 
38.8° C. (ioi° to 102 0 F.). Constitutional symptoms are mare ap- 
parent in children than In adults. In adults, fever is much lower than 
In children; moreover, in adults the disease may continue Indefinitely 
without elevation of temperature unless complicated by secondary 
infection. 


The most frequent complications are tuberculous abscess, pulmo- 
nary tuberculosis, tuberculous meningitis and secondary infection with 
pyogenic organisms. Abscesses, when deep, may be evidenced by a 
slight increase in temperature and may cause symptoms by mechanical 
pressure according to their location. Secondary infection is the roost 
common late complication, being the cause of high temperature night 
sweat*, excessive loss of weight, and often death by the synergetic ac- 
tion of pyogenic bacteria and the Bedim tuberculosis. Amyloid degen- 
topd ‘ P "° “ d ^ h a *«)newe of pro- 
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symptoms and physical examination. There arc no abnormal *®>gO 
Sc (flood which nrc of diagnostic value, except *^JV W !^ln nr- 
differentiates or Inrilentes a secondary pyogenic Infection. . i, 

“ta test is Of value fn children under twelve y«j* ot «*.»£»; 
of greater significance when neptllve llu " ^fliori. Tte 

percentage of apparently normal persons give a positive rca 
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taint fluid or material from a cold abscess may be aspirated sad 
submitted to tbe laboratory tor examination, but the tubercle bacilli 
not often easily demonstrated in the fluid. Injection of tbe as- 
pirated material into guinea-pigs may be made to confirm the diag- 
nosis; at the end oi six weeks the guinea-pig Is killed and an 
autopsy made to reveal any evidence of tuberculosis. This test b 
seldom of value in the early stage, as tbe organism is rarely present 
in tbe fluid until destruction begins. Tbe test is also accurate ooly 
{n proportion to the proficiency of the examining pathologist. Biopsy 
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is becoming more popular as a diagnostic measure and may be em- 
ployed with impunity in all superficial joints, such as the knee and 
ankle, but in the light of our present knowledge, it is certainly not prac- 
tical in such locations as the hip and spine. 
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4 n Bone and Joint Tuberculosis 

Diagnosis. — The characteristics of tuberculous Joint disease are 
chronldty nnd bone destruction with but slight tendency to new bone 
formation. The diagnosis can often, but not always, be made by the 
symptoms and physical examination. There are no abnormal changes hi 
the blood which are of diagnostic value, except that a high cell count 
differentiates or indicates n secondary pyogenic infection. The wn Pit- 
quet skin test is of value in children under twelve years of age, and Is 
of greater significance when negative than when positive, as a large 
percentage of apparently normal persons give a positive reaction, Tbe 
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is becoming more popular as a diagnostic measure and may be em- 
ployed with impunity in all superficial joints, such as the knee and 
ankle, but in the light of our present knowledge, it is certainly not prac- 
tical in such locations as the hip and spine. 
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C ii Bone and Joint Tuberculosis 

Roentgenoscopy. — In the earlier stages the roentgenogram is gen- 
erally negative and is of but slight diagnostic value until there has 
been definite Invasion of the bone. The first signs noted are paleness 
of the osseous structure and distention of the capsule of the Joint 
After several months, destructive changes may be observed beneath 
the articular surface which is undermined. Erosion of the surface b 
observed only after extensive invasion of the Joint, and, as the process 
advances, all parts of the Joint will be destroyed. In the spine, d* 
roentgenologic demonstration of paravertebral abscess may be the 
first positive evidence of tuberculosis, preceding any visible change In 
the vertebrae, although the abscess may be unrecognized in many 
cases. The abscess appears as a spindle-shaped mass, symmetrical 
bilateral, surrounding the affected area of the spine. Paravertebral 
abscesses occur commonly in tuberculosis of the dorsal vertebrae; 
the frequency Is considerably less In the other portions of the spine. 
The finding of an abscess, however, Is Important in establishing 
definitely a diagnosis of spinal tuberculosis, in determining the limits 
of the disease, and In evaluati ng the progress and prognosis of the 
particular case. 

Little or no new bone formation takes place during the repair of 
tuberculous joints. With subsidence of the disease there is a gradm 
condensation of bone In the area involved and a restoration to normal 
osseous structure In the bone surrounding this area. After the proc«* 
has entirely subsided, the bone wfil be increased in density as compared 
to normal bone, but the contrast is never so marked as In joints which 
have been infected with pyogenic organisms. When sinuses and second- 
ary Infection are complications, new bone formation may be observed 
Healing without Infection by the production of osseous tissue is more 
prevalent in tuberculosis of the vertebrae than In Involvement of other 

joints. 


Nonoperative • Treatment- — The importance of Instituting treat* 
roent as early oa p«s)hle and of enforcing tbe necessary procedures 
consistently must be emphasised. Tuberculous is on evolutionary proc- 
ess that runs an indefinite course; the length of time required for such 
evolution wtrfes consMerably but aD cases should be under dose ob- 
servaUm for a period of at least three years. The treatment consWs 
of local measure, and coratitutional therapy, applied simultaneously 
and continuously until the dUease process U a/r2ted and encapsulated. 

of deformity may be 
ortb °P' dic treatment JmroobMialUwi 
by apparatus jdhry. muscular spurn and relieve, pain. Traction may 
also be applied to separate the inflamed joint surfing Ann»n»»i« most 
be employed for a long period ot time; It must malS^toMnt In the 
most useful Potion lor lu t y. fuBc tl°° and should be so designed 
that it can be easily removed for heliotherapy or othL “ghftrSt- 



OXi^*r «l 7 
▼•tea* III 1 


Nonoperative Treatment 

ment or, If not removable, will not prevent the light rays from reach- 
ing the entire surface of the body. When ambulation is possible, the 
apparatus should be constructed so as to prevent motion and the pres- 
sure from weight-bearing on the diseased joint These measures must 
be strictly and continuously employed in conjunction with any and 
all forms of treatment for tuberculosis of joints, whether constitutional 
or operative. Jn those observed in the early stage, or even in a later 
stage before the deformity has been fixed by strong adhesions, mal- 
position can often be corrected by special apparatus which, by well 
directed force, often combined with traction, very gradually and 
slowly aligns the affected part in the most useful position. 

Care must be exerdsed at all times not to induce force too rapidly. 
Brisement ford, or forcible movement either with or without anes- 
thesia, must be employed with great caution In the treatment of tuber- 
culous Joints. Unfortunately this procedure is used very commonly, 
but such practice is capable of producing serious damage. Fibrous 
adhesions are more resistant than bony structures and therefore crush- 
ing of the atrophic* extremities of the bones, gross fractures, and 
violent reaction within the joint, followed by further organization and 
stronger adhesions, may result An even more serious contraindication 
is the probability of reactivating the local process, causfng further dis- 
semination of the disease and resulting in disastrous complications, 
such as tuberculous meningitis, which is always fatal 

The Ankle . — Conservative treatment with heliotherapy may be 
employed successfully In children with tuberculosis of the ankle, but 
It is rarely practical In adults on account of the length of time re- 
quired to effect results. In all affections of the foot, apparatus must 
be employed to maintain the foot at a right angle to the leg. This 
may be accomplished by a plaster of pans cast extending from 
the upper third of the leg to the tips of the toes. From involun- 
tary contraction of the ten do a chillis and the force of gravity there is 
a constant tendency for the foot to fall into the position of equirm. 
A common error Is made by applying a cast with the foot in this posi- 
tion, thus cansing a serious complication by Inducing fixed contrac- 
ture of the tendo a chillis. The cast may be blvalved so that either 
half may be removed without disturbing the position of the extremity 
when heliotherapy or other light treatment is given. Splints may be 
made of plaster of pans, celluloid, aluminum, steel or other material 
and when walking, a brace is necessary to relieve the foot from the 
pressure of weight-bearing. 

Tke Knee . — Orthopedic measures of fixation and traction are applied 
to secure and maintain the knee in extension until the disease has 
become arrested; this requires from two to three years of continuous 
heliotherapy and other antituberculosis measures carefully adminis- 
tered. Partial immobilization, correction of mild contractures and re- 
lief of pain from muscular spasm are often accomplished by traction 
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Roentgenoscopy. — In the earlier stages the roentgenogram is gen- 
erally negative and Is of but slight diagnostic value until there has 
been definite Invasion of the bone. The first signs noted are paleness 
of the osseous structure and distention of the capsule of the jotot. 
After several months, destructive changes may be observed beneath 
the articular surface which Is undermined. Erosion of the surface » 
observed only after extensive invasion of the Joint, and, as the process 
advances, all parts of the Joint will be destroyed. In the spine, the 
roentgenologic demonstration of paravertebral abscess may be the 
first positive evidence of tuberculosis, preceding any visible change in 
the vertebrae, although the abscess may be unrecognized m many 
cases. The abscess appears as a spindle-shaped mass, symmetrical ana 
bilateral, surrounding the affected area of the spine. Para vert ebft' 
abscesses occur commonly in tuberculosis of the dorsal vertebrae; 
the frequency Is considerably less In the other portions of the spine. 
The finding of an abscess, however, is important In establishing 
definitely a diagnosis of spinal tuberculosis, In determining the Hutu* 
of the disease, and In evaluating the progress and prognosis of the 
particular case. 

Little or no new bone formation takes place during the repair oi 
tuberculous Joints. With subsidence of the disease there Is a gradual 
condensation of bone in the area involved and a restoration to normal 
osseous structure in the bone surrounding this area. After the P roc ^ 
has entirely subsided, the bone will be Increased in density as com P?^ t r 
to normal bone, but the contrast is never so marked as in joints which 
have been infected with pyogenic organisms. When sinuses and second- 
ary infection are complications, new bone formation may be observed. 
Healing without Infection by the production of osseous tissue is more 
prevalent In tuberculosis of the vertebrae than in involvement of other 
joints. 

Non operative Treatment. — The Importance of instituting treat- 
ment as early as possible and of enforcing the necessary procedures 
consistently must be emphasized. Tuberculosis is an evolutionary P^' 
ess that runs an indefinite course; the length of time required for such 
evolution varies considerably, but all cases should be under close ob- 
servation for a period of at least three years. The treatment consists 
of local measures and constitutional therapy, applied simultaneously 
and continuously until the disease process Is arrested and encapsulated. 

Iuuobilixation and Toaction. — Prevention of deformity may be 
considered to be the keynote of orthopedic treatment. Immobilization 
by apparatus allays muscular spasm and relieves pain. Traction may 
also be applied to separate the inflamed joint surface*. Apparatus must 
be employed for a long period of time; It must maintain the Joint in the 
most useful position lor future function and should be so designed 
that it can be easily removed for heliotherapy or other light treat- 
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the spine. A plaster of paris cast or a plaster bed may be made which 
conforms closely to the contour of the back from the head to the tip 
of the sacrum. In young children, ambulatory apparatus should extend 
from the occiput to the knees. In older children and adults, ambulatory 
apparatus does not need to be so extensive. The Taylor spinal brace 
is sufficient for all lesions in the dorsal and lumbar spine below the 
level of the eighth dorsal vertebra. When the disease process is above 
the sixth dorsal vertebra, a bead support must be attached to the 
spinal brace. 
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The Shoulder . — Tuberculosis of the joints of the upper extremity 
is rare, especially in children, and the treatment is generally conserva- 
tive. The joints should be immobilized in the position most useful for 
function. The most serviceable position for the shoulder is about 140 
degrees’ flexion, slight internal rotation and 135 degrees’ abduction. 
This position can be secured by a plaster of paris cast applied to the 
extremity and body and extending to the iliac crests so as to obtain 
firm support. The elbow and wrist are usually immobilized as well 
but the cast should not extend beyond the metacarpophalangeal joints 
in order to permit free motion of the fingers. The cast may be bivalved 
for heliotherapy. The position may be maintained also by a metal 
splint or a leather corset which includes the arm, forearm, shoulder 
and thorax. 
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which is secured by o weight and pulley— the well-known Buck’s ex- 
tension. The extension at all times must be in a direct line with the leg; 
when deformity is present, the pull should be begun in the angle ot 
deformity and the apparatus adjusted as the deformity is corrected. 
The most efficient means of Immobilizing the knee Is a plaster aot 
which should extend from above the lilac crest to the toes. Splints ol 
various types may be employed, the most satisfactory of which is the 
Thomas knee splint This appliance with minor modifications may be 
used for the purpose of fixation and fixed traction during recumbency; 
for fixation as an ambulatory splint; and for ambulation with *I"ung 
and partial weight bearing by attaching the lateral bars to the shoe by 
means of a steel stirrup or, preferably, a caliper joint. Apparatus must 
not be discarded until the roentgenogram demonstrate* complete or- 
ganisation of the osseous union, during which time physical therapy 
should be employed routinely. 

The Hip . — If efficient orthopedic measures ore Instituted early and 
maintained throughout the active stage, the destructive process u 
restricted. The hip should be maintained in the most useful position 
for future function. Traction by Buck’s extension may be instituted, 
the traction force being applied In the position of deformity and ad- 
justed as the malposition Is reduced. Apparatus to immobilize the hip 
must extend from the nipple line to the toes on the affected side and 
in roost instances the opposite thigh must also be included. Fixation 
may be secured by a bivalved plaster or paris cast, or some modi- 
fication of the Thomas hip spUnt. The caliper brace is employed fre- 
quently as a convalescent measure in affections of the hip Joint, to 
prevent weight bearing. 

The Spine . — Immobilization of each region of the spine presents 
a different mechanical problem. However, certain principles applicable 
to the entire spine will be considered with such variations as are re- 
quired in the separate regions. The spine should be maintained in hy- 
perextension, as pathologic processes fn all regions more frequently in- 
vade the bodies of the vertebrae; when there is loss in continuity of 
bone in the vertebral body, there is a tendency toward flexion of the 
spine by gravity or muscular pull, resulting in kyphosis. In affections 
of the upper third ot the spine, the weight of the head is an Important 
factor, and apparatus tor the purpose of fixation must also relieve or 
support the superincumbent weight of the head. In the lower lumbar 
spine, fixation cannot always be secured without including one or 
both hips. 

When the process is acute, recumbency with spinal fixation is neces- 
sary and must sometimes be continued for one or two years. For this 
purpose, the patje&t » placed upon a Bradford frame, and traction to 
the bead is appUed to overcome musde spasm when the cervical or 
upper dorsal regions are affected; traction to the legs Is applied when 
the lower dorsal or Hrc Involved. The frame may be 
curved at the level of the disease process to enforce hyperextension of 
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on windows to protect smallpox patients against pitting was revived by 
Niels F Insen In 1893. The study of this problem led indirectly to the 
use of light for treating lupus, rodent ulcer and tuberculosis, and 
resulted in the founding of the Finsen light Institute at Copenhagen. 

In 1902, Bernhard noticed that meat exposed to sunlight at high 
altitudes did not putrefy. This observation led to the resumption of 
the treatment of surgical wounds with sunlight. The following year 
(1903) Rollier opened the Sun Cure Institute at Levsfn, Switzerland 
and placed heliotherapy upon a systematic and scientific basis. 

The energy which is emitted from the sun consists of a series of 
frequencies which are measured in hypothetical wavelengths In terms 
of units of the metric system. The rays travel in straight lines at con- 
stant speed but they vary in wavelengths. The shortest visible rays 
are the blue and violet and beyond them are the shorter invisible ul- 
traviolet rays or chemical rays. Beyond these again are the still shorter 
roentgen rays and the gamma rays of radium. The shortest and the 
most recently discovered are the cosmic rays, supposedly generated 
by the synthesis of helium from hydrogen. The longest rays that are 
visible are the red rays, beyond which are the longer invisible infra- 
red rays or heat waves which comprise radiant heat. The longest 
known group of rays are the hertzian or electric rays which measure 
up to one thousand feet In length and which are used at the present 
time primarily as carriers in wireless telegraphy. Sunlight acts on 
the organs of sight and has the three properties of heat production, 
light production and chemical action. All wavelengths appear to pos- 
sess some light and beat properties and the ability’ to influence chem- 
ical reactions. As a rule, however, heat production Is chiefly associated 
with the Infra-red and red rays. The visible rays from red to violet 
differ from the rest chiefly by reason of their visibility, while the most 
active rays chemically are the ultraviolet. 

Rollier regards the ultraviolet or actinic rays as the curative agent 
in tuberculosis and calls attention to the fact that all parts of the spec- 
trum (red, orange, yellow, green, blue, Indigo and violet), as well as 
the invisible rays, are more intense at high altitudes, and that sea- 
sonal variations In the width of the spectrum are not so marked as in 
low lands. Such variations, he thinks, are due to the formation of 
ammonia and nitrous compounds In the atmosphere from electrical 
phenomena, especially in the warmer months. The invisible rays are 
contracted and the effects of the solar treatment are thus decreased In 
summer; in winter there are few sunny days in the low countries, and 
the cold damp atmosphere, with excessive wind currents, does not 
permit general exposure. On the other hand, at high altitudes there Is 
less seasonal variation in the spectrum, there are more sunny days, and 
the air fs pure, stiff, and dry, permitting almost continuous insolation. 
Other authorities have demonstrated that equally satisfactory results 
can be obtained at any level, and in many portions of America helio- 
therapy can be given for at least nine months of the year. 
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The Elbow . — The most serviceable position for an elbow is that 
which places the foTtarm nt slightly less than a right angle to the 
arm, with the forearm In supination or In the mldposltkra between 
supination and pronation. A plaster cast for Immobilizing the elbow in 
this position should extend from the metacarpophalangeal joints to 
as high In the axilla as Is possible or consistent with the comfort of 
the patient. The cast may be blvalvcd or the posterior half may be 
used as a splint 

Splints conforming to the anterior or posterior surfaces of the ex- 
tremity may be employed, but the posterior splint Is more efficient and 
comfortable. This apparatus consists of an arm and forearm pwc* 
conforming to the posterior surfaces of the hand, forearm and irra 
from the metacarpophalangeal Joints to a point on the arm at a Icrri 
with the posterior axillary fold. As the forearm normally is fa the 
position oi about is degreta’ valgus os related to the arm, the forearm 
niece on the splint must be joined to the arm piece at a correspond- 
ing angle. 

The Wrist * — The most serviceable position for the wrist Joint fa 
extension or doral flexion, for In affections of this Joint there is an ever 
present tendency toward palmar flexion and luxation. Plaster casta 
may be employed to prevent this deformity, or a simple splint made of 
sheet metal, called the cock-up splint, may also be used. This splint 
should extend from the middle of the palm to the upper third of the 
lorrarm. A notch should be cut over the palm to allow for the ad- 
ducted position of the thumb and the thenar eminence. At the wrist 
Joint the splint h bent backward or cocked up, to hold the hand in 
the desired degree of dorslflexion or extension. 

Hkuothehafy. The beneficial effects ot the sun's rays upon tSs- 
^ V ' !TO> * nht < i since undent times; the first P«- 
T ." ^2 d 10 employ radiation in treatment iras John Ga<W™ 
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circulation. The appetite is improved and the digestive functions are 
more normal. The metabolism is also accelerated, although this is 
probably due not to light action alone but to the coincident exposure 
to fresh outdoor air. It has been shown that the blood platelets, if low 
in number, may at times be markedly increased by ultraviolet radia- 
tion; the lymphocytes may also be increased. The erythrocytes and 
hemoglobin are probably not increased by light alone, altitude playing 
an* important rfile in their production. Increase in the red cells and 
hemoglobin, however, has been observed constantly in patients treated 
by heliotherapy at Memphis, Tenn., where the elevation Is approxi- 
mately 300 feet above sea leveL 

Tcckiuc .— Heliotherapy can be given to better advantage in institu- 
tions especially equipped for the purpose. When this is not practical, 
Instruction for several weeks in an institution will be of material 
advantage before treatment is begun at home, which can then be car- 
ried out very effectively. A place which is protected from wind cur- 
rents should be selected for the treatment. A southern exposure is 
preferable so that both morning and afternoon sunlight can be secured. 
The location must be open above to the sunlight and not enclosed by 
glass, metal or wire screening. A cot or bed upon which the patient 
may He should be provided. All clothing is removed, the head Is cov- 
ered by a broad-brimmed hat and the eyes are protected from the 
glare of the sun by a pair of amber glasses. A sheet may be used dur- 
ing the first week to drape the unexposed portions of the body. 
After tolerance to the sun has been acquired, a T-strap Is all that is 
necessary to cover the genitals. If the exposure Is begun In the winter, 
a blanket should be used Instead of a sheet When the sun Is very hot, 
a damp cloth or Ice-cap may be placed on the patient's head. Ortho- 
pedic apparatus should be so constructed as to permit the sun’s rays 
to reach the skin. 

In summer when the sun Is intensely hot, the exposure should be 
started as early as possible In the morning and should be resumed 
In the late afternoon, omitting the midday hours. In winter the beat 
time for the exposure Is In the middle of the day, beginning about 10 
a.m. The exposure should be given as nearly as possible at the same 
time each day. When the patients are debilitated and when the weather 
Is cool, exposures are made on the first day for five minutes every two 
hours. The feet and lower four Inches of the legs are uncovered and 
exposed to the sunlight. Both the front and back surfaces of the body 
should be exposed and the areas alternated by lying first on the back 
aod then on the abdomen. On the second day the feet and legs are 
exposed as described for the first day. The sheet is then raised so 
that a new surface four Inches above Is exposed and the treatment Is 
continued for three or five minutes longer. Thus the time of exposure 
on the original area Is Increased to eight or ten inches. Both front and 
back surfaces of the legs should be exposed. On the third day the time 
of exposure over the feet and legs is increased to fifteen minutes the 
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The physical and physiologic effects of sunlight have been studied 
extensively! Downes and Blunt showed that light cxcrts dcf m l te b tc - 
“Sal action and that the shorter lick! rcys ore eosly '«»«*<, 
and produce Intense hyperemia, rcaultlnRlater in plpmcuita a#*, 
In all probability, acts Indirectly on the body b > dv Jadto 

ous nerves and blood vessels, as no evidence has been 
show that ultraviolet radiation ran penetrate Into *i!5 d .?L t mljl0 ( 
body If employed In dosages suitable for clinical use. The hyper 
the skin relieves the Internal organs and tissues of much o 
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vascular contents, causing Increased warmth, blood volume, and °r 
filiation through the local area. With the production of cu ^ ne0 Tj 
hyperemia, there is developed a more pronounced bacteriophage W * 0 
bacteriologic action of the blood stream. 

In addition to the analgesic effect of the cutaneous hyperemia, u* 


posure to sunlight induces pigmentation of the skin, stimulates u* 
physiologic functions of the skin, and causes the skin to be more re- 
ilitant to infection from without. The exposure also raises the calcium 
and phosphorous content of the blood, restores the natural tone ot 
the muscles, and causes an increase In density and dimension of the 
ojjeous structure. In addition, the sun treatment promotes greater 
respiratory activity which improves the heart action and the genet * 1 
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circulation. The appetite is improved and the digestive functions are 
more normal. The metabolism is also accelerated, although this is 
probably due not to light action alone but to the coincident exposure 
to fresh outdoor air. It has been shown that the blood platelets, if low 
in number, may at times be markedly increased by ultraviolet radia- 
tion; the lymphocytes may also be increased. The erythrocytes and 
hemoglobin are probably not Increased by light alone, altitude playing 
an’ important rfile in their production. Increase in the red cells and 
hemoglobin, however, has been observed constantly in patients treated 
by heliotherapy at Memphis, Tenn., where the elevation is approxi- 
mately 300 feet above sea level. 

Technic . — Heliotherapy can be given to better advantage in institu- 
tions especially equipped for the purpose. When this Is not practical, 
instruction for several weeks in an institution will be of material 
advantage before treatment is begun at home, which can then be car- 
ried out very effectively. A place which is protected from wind cur- 
rents should be selected for the treatment. A southern exposure is 
preferable so that both morning and afternoon sunlight can be secured. 
The location must be open above to the sunlight and not enclosed by 
glass, metal or wire screening. A cot or bed upon which the patient 
may lie should be provided. All clothing is removed, the head is cov- 
ered by a broad-brimmed hat and the eyes are protected from the 
glare of the sun by a pair of amber glasses. A sheet may be used dur- 
ing the first week to drape the unexposed portions of the body. 
After tolerance to the sun has been acquired, a T-strap is all that is 
necessary to cover the genitals. If the exposure Is begun in the winter, 
a blanket should be used instead of a sheet. When the sun is very hot, 
a damp cloth or Ice-cap may be placed on the patient’s head. Ortho- 
pedic apparatus should be so constructed as to permit the sun's rays 
to reach the skin. 

In summer when the sun Is intensely hot, the exposure should be 
started as early as possible In the morning and should be resumed 
In the late afternoon, omitting the midday hours. In winter the best 
time for the exposure Is In the middle of the day, beginning about 10 
a an. The exposure should be given as nearly as possible at the same 
time each day. When the patients are debilitated and when the weather 
is cool, exposures are made on the first day for five minutes every two 
hours. The feet and lower four Inches of the legs are uncovered and 
exposed to the sunlight. Both the front and back surfaces of the body 
should be exposed and the areas alternated by lying first on the back 
and then on the abdomen. On the second day the feet and legs are 
exposed as described lor the first day. The sheet Is then raised so 
that a new surface four-inches above Is exposed and the treatment Is 
continued for three or five minutes longer. Thus the time of exposure 
on the original area Is increased to eight or tro inches. Both front and 
back surfaces of the legs should be exposed. On the third day the time 
of exposure over the feet and legs Is increased to fifteen minutes the 
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time over the second area to ten minutes, and a new surface of 
four inches is exposed for three or five minutes. The Ume and surface 
area on both sides of the body arc gradually increased in this manner 
until the entire body ncqulres tolerance to the sun and air and the 
proper dosage is secured. 1 

Dosage . — As the reaction of different Individuals varies, no arWtmy 
rule can be made as to the maximum dosage; some patients will im- 
prove on ten hours dally, while others can stand only six. In robust 
patients, when the temperature is above 23.8° C. (75° F.), the tedious 
process of acquiring tolerance may be omitted and the entire body ex- 
posed for Five minutes every two hours, Increasing the amount from 
three to five minutes each day until the maximum time Is reached. 
Especial care must be taken not to bum or blister the skin, for if this 
occurs the treatment will not only be delayed but the patient will be 
discouraged and unnecessarily annoyed. Is the patient has been sun* 
burned, give a shorter exposure the next time. The length of time given 
for exposure is for full sunshine. If the patient fs exposed ten minutes 
on a partly cloudy day and fifteen minutes the next time on a bot sunny 
day, be may be burned, even though the schedule Is followed exactly. 
On rainy days the sun should be utilised whenever it shines. When the 
weather Is doudy, the exposure is not so effective, but should be con- 
tinued routinely. The length of time may be increased on doudy days 
after the patient has acquired tolerance. 

Heliotherapy must not be indiscriminately administered or much 
hartn may accrue. II headache, weakness, nausea or fever fs present, 
the time of exposure should be decreased or the treatments discon- 
tinued temporarily, to be resumed later and more gradually. If the 

2 *° * i’ ^? ea,e ,S ie of exposure. Never keep the p*- 

dent out if he fa cold or chilly Bring him in at once and see that be fa 

*J?Srv£i he i Jali “ l discharging sinuses or open wounds 
on the body, the bandages may be removed and the part exposed, care 
Ales away from the wound and from the soiled 
dressings. The discharge from sinuses fa markedly Increased after In- ' 
eolation, bat later subsides and becomes less purulent as healing pf^ 
greases. 

Pigmentation, or tanning of tbe skin, b essentia] to success and 
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penetration, thereby reaching the superficial blood vessels. Other au- 
thorities deny tha t sufficient evidence has been produced to prove that 
pigment transforms Invisible rays into chemical rays, although Mayer 
states that it may well allow a greater and more prolonged utilization 
of the visible radiations. Another theory 13 that the pigment absorbs 
the visible and ultraviolet rays and converts them into heat which 
activates the sweat glands; the sweat in turn protects the body from 
excessive heat by evaporation. Whatever the exact mecha n ism is, 
it is well known clinically that individuals who pigment well tolerate 
more prolonged application of light and withstand exposure to extreme 
degrees of heat and cold more easily. 

The influence of heliotherapy on the pathologic process is demon- 
strated by the roentgenogram. About the time pigmentation Is estab- 
lished, there is increased activity, as denoted by the breaking down of 
the osseous structure. Later absorption of necrosed areas will be ob- 
served, the affected bone becoming more opaque and, after a few 
months’ exposure, rapid destruction of the Joint surfaces is observed. 
By the end of six or eight months the bone is often more dense than 
normal with beginning fusion of the Joint The inflammatory exudate 
surrounding the affected areas becomes irregular and gradually dimin- 
ishes in circumference, or at times undergoes calcification. This rapid 
Evolution Is probably due to the removal of devitalized tissue by 
natural forces, stimulated by the tonic action of the sun’s rays, and 
might easily be mistaken for an acute exacerbation. This hastening of 
the evolutionary process is also evident in those cases with secondary 
infection and draining sinuses, the discharge of which is markedly 
increased after insolation, but later subsides and becomes less purulent 
and more serous as healing progresses. 

The length of time required to secure satisfactory results varies, 
but excellent results have been obtained after as short a time as five 
months. In all tuberculous affections overtreatment is advisable. In 
every case at least two seasons of nine months’ insolation should be 
given, but in the majority, three years of continuous treatment. WTien 
the finances of the patient permit, there should be a close pursuit of 
the sun for the entire twelve months of the year, which can be acquired 
by moving to warmer climates, as Florida, southern California, or 
Texas during the winter season. A change of climate Is often more 
essential in bone t han in pulmonary tuberculosis, as many clini cians 
believe that climate has no influence on the latter condition. 


Acttnotiterapy. — In certain localities where the amount of sun- 
shine is limited and daring the months when direct exposure to the 
sun’s rays is not practical, artificial heliotherapy may be employed, 
although the same beneficial results are not to be expected Among 
the various sources of artificial Light are the carbon arc light the 
quartz mercury-vapor light and the roentgen ray. In deciding which 
is the best of these when obliged to use artificial light, either wholly or 
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in part, preference should be given to the light that gives a spectrum 
most nearly resembling that of the sun, or which exhibits the greatest 
number of those rays which typify the therapeutic quality of snnlfgbt 
The carbon arc light alone exhibits n continuous spectrum like that 
of the sun, all others showing a line spectrum — that is, a spectrum coo- 
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rays, bn t it is also highly efficient in both infra-red and luminous red 


rays. 

The Carbon Arc Light . — The light described by Strandberg and 
Reyn as the standard model at tbe Finsen Medical Light Institute is 
so constructed that it can carry an extremely powerful current The 
power used is direct electric current of 75 amperes and the lamp re- 
quires s 5 volts. The carbon electrodes are very thin, as it has been 
found that the thinner the electrodes, the more Intense the white light 
and hence the richer in chemically active rays is the light radiated 
from the crater which forms on the upper or positive electrode. The 
rays from this crater are essentially the light used and they form a 
cone of brilliant light under which the patient must be placed. 

The room in which the treatment is given should be 54 by 7 meters 
and 4 meters high. The floor should be of noninflammable material 
and the wall painted a dark color, so that neither patient nor staff 
may be affected by the heat rays reflected from a light colored wall. 
Whenever possible a skylight or other ventilating device should be 
arranged to carry off the heat and fumes from the lamp. The windows 
should be constructed so that they can be opened from the top with- 
out being opened at the bottom in order to avoid drafts. Tbe lights 
are suspended so that the distance from the anode to tbe floor is 
about three feet Tbe patients are nude and are placed in a circle about 
the lamp, being approximately four feet from the anode. Their eyes 
should be protected by goggles with very dark amber lenses. The 
dosage must be carefully timed, and the operator should remember that 
lamps made by different manufacturers vary greatly in their intensity. 
Strandberg, at the F Insen Medical Light Institute, recommends for 
adults an initial exposure of from twenty-five to thirty minutes over tbe 


whole body. This dose is increased by from ten to fifteen minutes every 
other day until the full period of two and one-half hours is reached. 
The dosage with the American-made carbon arc lamp is usually much 
less than that advised by Strandberg. Tbe lamp used at the North- 
western University Medical School produces a skin erythema in one 
minute at a distance of four feet In children the initial exposure must 
be of much shorter duration and the dosage more gradually increased. 
When the maximum time is established, this dosage should be con- 
tinued unless the patient misses several treatments. When this occurs 
the time of exposure on resumption of treatment should be reduced ac- 
cording to the time lost, the physical condition of the patient and the 
amount of pigmentation still present. As In heliotherapy, treatment 
should be given continuously for from six months to two years 
Quarts Mercury-Vapor Light .— Tbe mercury arc is especially rich 
in the extremely short actinic or ultraviolet rays which have a rapid 
germicidal action. It does not, however, give a continuous spectrum 
and the long ray, are entirely absent. Ail clothing Is removed from 
the patient and amber eyeglasses or goggles are worn to protect the 
eyes. The patient is placed in a recumbent position and subjected 
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for three minutes during the first treatment to the action of the rays 
of the lamp, which Is suspended twelve Inches above the patient* As 
with the carbon arc lamp, It must be remembered that quartz mercury- 
vapor lamps made by different manufacturers vary In their Intensity 
and that the same lamp loses strength gradually with use so that when 
new, the time of exposure must be shorter than after the lamp has been 
burned for a while. In children, one minute with the lamp suspended 
30 Inches above the patient may be sufficient when using a lamp 
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baths are severe forms of heart disease, arteriosclerosis, nontubercu- 
lous nephritis, gastrointestinal disturbances and acute Alnesses with a 
temperature of over 38.3® C. (ioi° F.), unless the cause of the fever 
is known and not considered to be a contraindication. 

Marini: Treatment. — Marine treatment is the routine bathing of 
the tuberculous patient in sea water, and is of tonic value, espe- 
cially when combined with heliotherapy. The atmosphere absorbs a 
certain percentage of all kinds of rays, although not an equal amount 
of each kind, the degree of absorption being greatest in the case of the 
shorter waves. Therefore, at sea level sunlight will contain compara- 
tively few ultraviolet rays and wiD contain comparatively many blue, 
violet, luminous and beat rays. The effect of sunlight at the seashore, 
however, is greatly enha nced by the reflection from the white sand and 
from the mirror action of the surface of the water. Equally good re- 
sults are, therefore, secured at the seashore as in the mountains. 

Roentgenotherapy. — Treatment with the roentgen ray is con- 
sidered by some authorities to be of value In the conservative therapy 
of bone and joint tuberculosis. Roentgenotherapy is not a specific 
treatment, but is considered to be successful only when there is a 
tendency to spontaneous recovery. The results are better in diseases of 
the small articulations and bones than in diseases of the larger ones. 
Tuberculosis of the toes, fingers, hand, foot, ankle, wrist, sternum and 
ribs Is Improved by this method. The elbow may also be treated to ad- 
vantage. The shoulder and knee are less amenable and treatment Is 
not so satisfactory in disease of the hip, sacro-fllac articulations, and 
spine. In treating these latter conditions, deep therapy apparatus Is 
essential. Hornlcke recommends, in most cases, one third of an ery- 
thema dose, provided that no complications are present. The number of 
irradiations should be so regulated that the total dose for six weeks 
of treatment wfll not exceed one erythema dose. When this amount 
has been administered and repeated three times, further treatment 
should be discontinued for several months. The optimal dose varies 
In individual cases. It Is, therefore, advisable to begin with small doses 
and gradually to Increase the amount of Irradiation according to the 
patient’s requirements and tolerance. If abscesses or fistulas are pres- 
ent, the dosage must be smaller and more carefully regulated. Over- 
treatment may lead to rupture of the byperemlc skin over the abscess 
with the formation of on ulcer, or the sinuses may dose with con- 
sequent retention of the pus. As in the treatment of tuberculosis with 
heliotherapy and actinotherapy, roentgenotherapy must be combined 
teith intensive general treatment „ 

Operative Treatment.— Excision ol the tuberculous focus Is rttrelv 
feasible, even though the diseased area Is small, unless It Is possible to 
eadse an entire bone, as, lor eiample, exdsion of the astrapUus In tn- 
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bcrculosis of the ankle joint. Resection of the joint for the purpose of 
eradication of the disease process fs obsolete fn both children and 
adults, but It Is especially contraindicated In children, not only on ac- 
count of affecting growth by injury or removal of the epiphyses, bet 
because the process is very rarely arrested. In adults, excision may be 
Indicated in elbow, but seldom, If ever, in other joints. Unless some 
definite advantage is to be gained, indiscriminate operations may have 
a deleterious effect Definite sequestra when demonstrated by the roent- 
genogram may at times be removed with beneficial results, and sinuses 
may be excised or properly drained. 

Tuberculous abscesses should be treated conservatively unless rup- 
ture Is inevitable or life is endangered by mechanical pressure on 
vital organs. The treatment consists of aspiration of the abscess when 
fluctuation is present, after which continuous compression fa made by 
bandages. When secondary infection by pyogenic organisms fa a com- 
plication, as evidenced by constitutional symptoms of high temperature 
and other Indications of sepsis, indslon and drainage should be carried 
out along the same principles as in the treatment of pyogenic abscesses. 
The injection of various antiseptics into the abscess is employed rou- 
tinely by many surgeons but Is of doubtful efficacy. Sinuses may be 
defined by injection of opaque substances, such as bismuth, after which 
excision or drainage may be instituted. 

The purposes of surgical arthrodesis arc practically the same *s 
those of nonoperative measures— to enforce rest with fixation and to 
prevent deformity until nature encapsulates the pathologic process. 
By “ys. 0 , fu5km a better fixation fa secured ami it has been 
proved by clinical experience that the arrest of the process fa more 
apt to be permanent when osseous ankylosis results from any form 
of treatment. However, emphasis cannot be too strongly made that 
conservative treatment, as mechanical fixation and all measures tend- 
ing to elevate the stamina and the natural resistance of the patient, 
must be constantly and rigidly employed, both in adults and children, 
and that fusion fa only a valuable adjunct and must not be viewed In 
the bght of a curative agent. The chances of a permanent recovery 
are much greater ^hesi such measures as heliotherapy, proper diet, 
fixation by orthopedic apparatus and operative measures are combined 
judiciously. 

. 5* «?««*>» vor y in different joints, W 

at the promt time arthrodofa fa advised for tnberculous joints in .H 
patients above the age of fourteen yean, with the mention of the 
elbow tawMch^tbitoory result, may be obtained tyexdslon. 1“ 
yoong children between the ap, of three and five, when tnbercnlous 
arttrfth fa moat prevalent, the Induction of intralJSSaJfusion fa 

^°L^, CCm ° n !! c ^PortunceTSTchDd than 
to the adult and longer periods may be devoted to conservative mess- 
ures. The Induction of osseous fusion fa influenced hv tKa. the 
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destruction or osteoporosis, and the late residual stage after the osse- 
ous structure has returned to normal density, are the most favorable 
periods to Induce fusion. In the stage of active osseous destruction, 
with acute symptoms, often complicated by abscess, the likelihood of 
inducing bony union is less, and there is also the possibility of convert- 
ing a closed tuberculous process into an open one with secondary in- 
fection. Fusion in the presence of an active pyogenic secondary Infec- 
tion should be undertaken with great caution. The probability of 
relighting a virulent active process, even though it is apparently 
arrested, is much greater in those In whom such secondary infection 
has occurred. The operation may be employed also in conjunction with 
extra-articular osteotomy for the purpose of correcting deformity when 
present. 

Prognosis.—- The time required to effect a cure naturally differs 
according to the severity and locality of the affection. Broadly speak- 
ing, it can be stated that tuberculosis is arrested In children more 
quickly than In adults, and that affections of the small joints are more 
rapidly and easily healed than those of the large joints. Excellent 
results are sometimes obtained in six months, but, as a rule, two years 
or more are required. 

The prognosis for recovery with a practical degree of function pre- 
served is unfavorable, and is possible theoretically only in those in 
whom the process is arrested and encapsulated before the joint is 
involved. Wth conservative as well as with operative treatment, ob- 
servation is required for a period of at least three years. The only defi- 
nite promise to be made as to the efficiency of local treatment is that 
deformity can be prevented or restricted to & minimum degree, and 
that the process will probably be arrested In those receiving no treat- 
ment, or inefficient treatment, the course is more prolonged and indefi- 
nite, resulting in deformity and permanent disability. The results can 
best be expressed as arrested Instead of cured, since dormant or latent 
fod may remain indefinitely, regardless of the treatment employed. 

Uncontaminated tuberculosis Is rarely fatal unless there is invasion 
of a vital center, as the cerebrospinal system. Death is more frequently 
due to secondary infection or other complications. The prognosis for 
life Is better in children than m adults. The mortality is greater in 
involvement of the spine and hip joint, and less In the upper than In 
the lower extremities. When abscesses are uncomplicated by second- 
ary pyogenic Infection, the prognosis is very slightly affected. With 
secondary pyogenic Infection, the process is much more prolonged 
and the prospect of recovery materially reduced. Amyloid degeneration 
as a result of continued sepsis is usually fatal. Pulmonary tuberculosis 
when associated, lessens the chances of recovery, but runs a milder 
course than when tuberculosis of the lungs occurs independently 
Tuberculous meningitis is an Infrequent but fatal complication 
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In adults, early operative measures for the purpose of fusing or 
immobilizing Internally the affected joint will often arrest the wad 
process- In children, there exists at present a difference of opinion » 
to the advisability of fusion; the preliminary reports are most encour- 
aging, but sufficient time has not elapsed for definite conclusions to be 
reached. The scientific application of the sun’s rays or artificial light 
should always be employed. Undoubtedly, fresh air alone has a beoe- 
fidal effect, but the relative improvement Is much greater in those 
treated by heliotherapy than in those treated by fresh air without 
removal of the clothing. The results arc also more lasting with 1 «s 
danger of recurrence than with any other method. 
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CHAPTER FIVE 


PHYSICAL THERAPY IN THE TREATMENT OF FRACTURES 
Philip D. Wilson, M.D. 


Introduction 

The place of physical therapy in fracture treatment has been a 
matter of controversy, and different opinions have been expressed. 
Some experienced surgeons consider physical treatment unnecessary 
or even harmful, holding that only active, voluntary effort on the part 
of the patient actually counts in restoring function. Others regard 
physical therapy as a luxury, and doubt that the possible benefits 
justify the expense, especially in patients of moderate means. Still 
others consider physical therapy dangerous from the psychologic stand- 
point, in that it places undue emphasis upon the treatment of short 
duration administered by tbe technician and tends to minimize in the 
patient’s estimation the value of his own efforts, usually just at the 
time when active cooperation is most necessary' In obtaining a good 
result. 

On the other hand, physicians who are experienced in the art of 
physical therapy consider It absolutely indispensable in the treatment 
of fractures. They point to the harmful effects of treatment by im- 
mobilization alone as evidenced by the many patients with Impaired 
function who drift Into their hands many months after injury, having 
been treated by every method except physical therapy. They criticize 
tbe neglect of many phyaidans to consider the physiologic require- 
ments of the musdes, the joint* and the arculation, and for believing 
that the only Indications for the treatment of fractures are complete 
reduction and prolonged fixation. They feel that a considerable propor- 
tion of fractures can be treated by physical therapy alone and with 
vastly better results than frequently are obtained by physicians who 
place their reliance entirely upon retentive apparatus. 

In between these extreme views may be found all shades of opinion 
in respect to the value of physical therapy in fracture treatment. For 
the most part, however, the rank and file of the medical profession are 
unable to form an opinion and admit a complete lack of knowledge 
In the minds of most of these the term physical therapy evokes the 
picture of an establishment fitted up srith a large assortment of com- 
plicated electrical machines, variously colored lamps and hydrotbera- 
peutic apparatus. They (eel vaguely that all of tills machinery may 
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have some therapeutic value, but mistrust it for their patients on the 
grounds of expense, inability to direct the treatment, and the belief 
that after all it is not necessary. They ore unable to dissociate the 
ideas of physical therapy, electricity and machinery. For the roost 
part, they do not employ physical therapy for the treatment of frac- 
tures except when, usually as the result of some fault of treatment, 
a patient has obtained an unsatisfactory result, and nothing else In the 
way of treatment remains to be tried. 


The student who is seeking the truth about the value of physical 
therapy In fractures will quickly dismiss many criticisms that ooviously 
proceed from ignorance. On the other hand, he will not be able to 
dispose in this summary fashion of the widely divergent opinions that 
have been expressed by experienced and reputable surgeons and phys- 
ical therapists. If he delves more deeply Into the subject, however, he 
will find that it is possible to reconcile even these differences and that 
the opponents are In reality proceeding from different premises and 
arguing about different things. The physical therapist shares with the 
surgeon hu high estimate of the value of active voluntary effort in 
regaining function at a certain stage of fracture treatment, but be 
also knows that If he waits until the lime when active motion can be 
performed, to employ physical therapy, he will have missed the golden 
nWWi n l! h n, ' The sceptical of the value of 

fly *?**'?* he ba* never used it untfl after coo- 
^ " ‘T bwrl oblala «i. and <hc physical therapist 
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tuna ore susceptible ol treaS Lrf^ mir ' d “b' that many frao 
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properly. No physician who treats fractures can really say with truth 
that he does not employ physical therapy. The prescription of heat 
at one or another time in one form or another Is practically universal; 
so also with home massage and exercise. By so much, the physician 
admits that he believes in physical therapy. All that re m ai n s neces- 
sary to enlarge Ida vision of its sphere of usefulness is to Inform him 
more specifically of the action of Its various agencies, and to relate 
these effects to the pathologic and reparative changes of fractures, In 
so far as possible. 

While much of the confusion that hinders a fust evaluation of 
physical therapy may be traced to the lack of knowledge of the 
physician who treats the fracture, not a little arises from lack of 
knowledge of fractures on the part of the physical therapeutist. Many 
exaggerated claims have been made of the benefits to be derived from 
the use of various physical therapeutic agencies in the treatment of 
fractures, which cannot possibly be substantiated. Some are the result 
of enthusiasm, others require a less charitable explanation; all bring 
harm to the cause of physical therapy. Many agencies are used whose 
effects are uncertain, or in respect to the action of which experimental 
evidence Is lacking. The physician who Is conversant with the prob- 
lems of fracture treatment and is trying to steer his patient through 
the shoals and troubled waters of complications to the haven of a 
speedy convalescence cannot be blamed for refusing to ask the assist- 
ance of a pilot who insists upon sailing only in uncharted channels. 

The first principle of fracture treatment Is reduction of the boDy 
deformity, and after that comes treatment to secure healing of the 
fracture and to restore function. Of the various physical measures that 
are employed in treatment, by far the most Important are two that are 
mutually antagonistic — rest and movement. Rest or immobQlaation is 
necessary to maintain reduction of the fracture and allow healing of the 
bones, while equally necessary from the standpoint of the muscles, 
joints, blood vessels and nerves Is movement or mobilisation to main- 


tain and restore /unction. Indeed in the balancing of these two antago- 
nistic principles lies the essence of fracture treatment, and it Is because 
the requirements are of a conflicting nature that difficulty arises. 
Between the moment when the first cautious attempts at movement 
are begun, In a recently reduced fracture, and the later period when 
healing of the bones has been obtained and vigorous exercises can be 
prescribed lies an interval, often of many weeks, during which every 
detail of treatment must be managed with skill, and when any Ill- 
considered step may bring disaster. It Is not possible during this period 
to turn the patient over to a technician for physical therapy without 
endangering the result, and it is unwise to do it later unless the 
physician supervises the treatment in the closest manner. In the treat- 
TV! ff actul [ es Impossible to separate the physician and the 
{^rapist- ^ "rfll be the best physician who Is Instructed in 
the art of physical therapy, and the best physical therapist will be he 
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wbo combines this knotrledgc with that of the pbyiidan. Indeed, If 
physical therapy is to accomplish anything fn the treatment of frac- 
tures, It irill be because the physician is sufficiently Impressed with ra 
value to administer it personally in the first few days after injutyi 
and to Instruct and demonstrate to his assistants the methods he wishes 
to have followed In the later stages. 

Physical therapy includes n number of agencies or modalities, earn 
of which is capable of producing a definite physiologic reaction in the 
human body. In order to employ' these successfully in the treatroau 
of fractures, the physician must know what these agencies are, wwt 
they accomplish and when they' can be used with benefit. He must £* 
able to prescribe them In the same manner as he does drugs, when a 
physician prescribes medicines, he not only writes his prescription 
carefully, but he takes pains to refer the patient to a reputable 
pharmacy to have it filled. He instructs the patient how frequently 
and in what amount he is to take the medicine, and he arranges to have 
him report at regular periods in order to be able to watch his reaction 
and to modify the dosage If the reaction is unfavorable, or to stop the 
treatment altogether If it proves to be of no benefit. The same course 
should be followed when prescribing physical therapy; the treatment 
should be outlined in detail, and the directions followed minutdy. 
When in doubt, consultation between the physician and physical thera- 
pist will prove of great benefit. To send the patient to a physical 
therapist with instructions merely to treat him, as Is frequently done 
at present. Is in principle almost as ridiculous as to refer a patient to a 
pharmacist with Instructions to prescribe what medicines be needs- 
It will be the purpose of the author In this article to point out the 
opportunities for physical therapy In the treatment of fractures, to 
show how fracture pathology may be modified by the physiologic re- 
action to the agencies that are employed, to stress the importance of 
early functional activity and to demonstrate how this may be obtained. 
Chief emphasis will be laid upon the various forms of massage and 
mobilisation with the view to confining the discussion to those agencies 
of which we have the most knowledge. Of the various methods of elec- 
trical stimulation and treatment there will be but little mention, as too 
little experience has yet been acquired to make ft possible to formulate 
directions for their use or to permit definite conclusions to be drawn 
as to their value. 

Hrs-ToaicAL 


Just Lucas-Chsmpionniire was the pioneer of physical therapy In 
the treatment of fractures. A surgeon, practicing In the hospitals of 
Paris, he became dissatisfied with the results obtained by the routine 
methods for treating bony Injuries The central principle around which 
these methods revolved was immobilization, and the more perfect the 
immobilisation, the better was the treatment Lucas-ChamplonnJire, 
however, observed that the patients who had been treated by these 
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methods kept coming back to the clinics for months and years, com- 
plaining of swollen limbs, stiff joints, pain and disability, even though 
their fractures had healed. He recognized that much of this was the 
result of prolonged fixation and the policy of treating the fracture as 
if the bone were the only constituent of the part, and the muscles, 
Joints, vessels and nerves nonexistent. 

He began experimenting with massage and movement In the treat- 
ment of recent fractures, commencing with minor bony injuries, such 
as those involving the shaft of the fibula, and then gradually, as he 
perfected the technic and gained confidence in the method, extend- 
ing it to fractures Involving more important bones as well. He found 
that with gentle stroking massage he could relieve pain even in the 
fresh fracture and secure muscular relaxation; with care, the joints 
adjacent to the fracture could then be moved passively through a wide 
arc of motion without causing pain. With regular repetition of these 
treatments, the part being splinted during the intervening periods, 
the patients recovered from their fractures more quickly and more 
completely than others whose fractures had been completely im- 
mobilized. When he extended the scope of the method to include 
more difficult fractures, such as those involving the lower end of the 
radius and the upper end of the humerus, the results proved equally 
impressive. It became quite obvious to him that early movement of the 
muscles and joints In the vicinity of a fracture maintained their supple- 
ness, on the one hand, and, on the other, favored the circulation and 
nutrition of the member. He became convinced of the importance of 
early massage and mobilization In the treatment of fractures. 

Lucns-Championniire 1 published, In 1889, a s™*!! pamphlet entitled 
“Le Massage et la Mobilization dans le traitement des Fractures," 
In which he summarized his experiences and observations and described 
the methods that be employed and their rationale. He considered 


mobilization the most important factor of this treatment Referring 
to a limb, he said “movement is life." He believed that massage was 
merely a means to an end, that end being movement He employed only 
the gentlest type of superficial massage, and the treatment was ad- 
ministered either by himself personally or by o medical student whom 
he had trained. Avoidance of pain was deemed essential. The massage 
brought about relief of pain and relaxation of muscle spasm. Its effects 
could not be explained upon mechanical grounds, as the massage was 
too light and superficial In character, and he advanced the theory that 
it acted reflexly through the nerves and that it brought about an 
exhaustion of the sensory endings. The massage was administered for 
from ten to twenty minutes, and, when muscular relaxation had been 
obtained, then mobilization of the neighboring joints was In order. The 
movements were performed passively, not actively, but only when 
the muscles were completely relaxed. The treatments were of short 
duration and were repeated dally or on alternate days 

Tbc raulls obtained by Lucas-Champlonniire ro, 'remarkable, par- 
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ticularly In contrast with those obtained by the preexisting treatment 
In Judging these results, however, It is well to remember that tbk 
was prior to the discovery and clinical application of tbe roentgen 
ray, and that the diagnosis of fracture was often faulty, and the con- 
trol of reduction negligible. Bony deformity of greater or lesser degree 
was tbe rule rather than the exception after treatment Lucas-Cham- 
pionni&re’s treatment probably did not lessen the bony deformity, bat 
it did at least restore function, and in this respect it was for and asty 
ahead of the usual immobilizing treatment At the same time there 
has been a great misconception of his real attitude. While radical, be 
never took an extreme stand, or claimed that his treatment could be 
applied without modification to every fracture or that all splinting 
should henceforth be discarded. He did not discard all that he hid 


learned in his surgical training, but on the contrary continued to 
use splints In loose and displaced fractures and to advocate operative 
repair in fractures, such as those of the patella, where that method 
obtained the best results. Only instead of making the fixation con- 
tinuous, as was the general practice, he removed the splints at regular 
intervals for massage and mobilization. Above all, it must be remem- 
bered that he kept the treatment entirely In his own skilled surgical 
hands or in the hands of the medical students whom he himself bad 
trained. He had no use for massage ns ordinarily practiced, which be 
considered far too vigorous and painful, nor did he think it possible 
Jo* ev f n a trained technician to employ his methods satisfactorily 
What be advocated was the early use of physical therapy— I*-, m* 3 ' 
sage and mobilization — by the physician in charge of the patient, to 
conjunction with whatever other methods were Indicated for the 
reaction and healing of the fracture. 

While holding up a warning hand against the treatment of fractures 
by prolonged I inunobWzatlon, be at the same time sounded o warning 
If?!? 51 tb f bijudldous and uninstructed use of his methods, which 
^mth™i^ d f Care,ul * y h? “V one wbo 13 tempted to be led away 
* My Particular method of treatment. Said be, “It? 

W butVhtV^n^ U) ^ n * P ^ loy ^ revolutionary treatment, for the public 
* acCept ft - the medical world is even If 
1 advise y° u - therefore, to act prudently 
checks to nrmlv ky ^ * tep5 111 order not to expose yourself to 

Tesult therefrom SUch a ma nner that the good which may 

result tneretrom will be evident to all.” 

of WDrk Proved a turning point in the treating 

ScSSrtS 0f fQ octional r^toration began to be 
“rt^ty of treating all of the structure* 
P'S brokm ^one. Owing to the 

physldanatookto nrvt * attitude actually was, only a ^ 

W'trtans _ up and applied his methods in their entirety, although 

' J™* to fracture treatment have failed to be 

by the change* he set in progress. Mennefl % 
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of London learned Lucas-Championni^re’s methods at first hand and 
hnB continued to employ them and to advocate them with the con- 
viction bora of a long and rich experience. His worts era massage 
and the treatment of fractures are valuable contributions deserving the 
most careful study. I gratefully acknowledge my own indebtedness to 
them In the preparation of this article. 

Other factors also have contributed their share toward placing 
emphasis upon functional recovery after fractures. The Industrial 
Compensation Laws have played a considerable part by bringing pres- 
sure to bear on reducing the disability period for various injuries. The 
Great War contributed a great deal to the Improvement of methods 
for the treatment of fractures, more notably by the introduction of 
various types of open splints and the greater utilization of traction 
methods, particularly direct skeletal traction. It also aided the develop- 
ment of physical therapy, the accomplishments of which were seen and 
appreciated. Since the war the multiplication of the automobile and 
the increasing mechanization of industry have caused a formidable 
increase In the number of injuries. This has led to an Intensified study 
of the means of reducing functional Impairment after fractures and of 
securing maximum physical rehabilitation of the injured. Physicians 
are turning their attention to physical therapy in the hope of better- 
ing thdr results with help from this source. There are great oppor- 
tunities for the development of this art, provided that each step is 
made with caution and based upon a solid foundation. 

Functional Restoration, tot: Goal or Fracture Treatment 

The goal of all fracture treatment is the complete restoration of 
function in the injured part in the shortest possible time. When the 
injury Is of a nature to cause Irreparable damage, then the aim must 
be to minimize the functional loss, and particularly to try to avoid 
disabilities of a type to prevent return to the previous major occupa- 
tion or activity. A perfect result implies that the Injured part is as 
good as before injury, and that this has been attained without unneces- 
sary loss of time. 

The chief purpose of the skeleton is to provide a rigid framework for 
the soft parts and, together with the joints, to provide a mechanism 
which may be actuated by the neuromuscular apparatus. Interruption 
of the skeletal rigidity by a fracture leads to Immediate loss of func- 
tion, and function cannot be regained until rigidity has been restored 
by healing of the fracture. Restoration of skeletal rigidity Is not alone 
sufficient, but there must also be restoration of the skeletal form; in 
other words, the normal alignment of the bone must be preserved 
This is necessary, not only for esthetic reasons, but in order to main- 
tain the normal anatomic relationship or architectural pattern with- 
out which the parts function imperfectly. The restoration of rigidity 
and normal form of the skeleton, however, is by no means ah in the 
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tlcutarly in contrast with those obtained by the preexisting treatment 
In judging these results, however, it is well to remember that this 
was prior to the discovery and clinical application of the roentgen 
ray, and that the diagnosis of fracture was often faulty, and the con- 
trol of reduction negligible. Bony deformity of greater or lesser degree 
was the rule rather than the exception nftcr treatment. Lucas-Cham* 
plcmntere’s treatment probably did not lessen the bony deformity, but 
it did at least restore function, and In this respect It was far and array 
ahead of the usual immobilizing treatment. At the same time there 
has been a great misconception of his real attitude. While radical, be 
never took an extreme stand, or claimed that his treatment could be 
applied without modification to every fracture or that all splinting 
should henceforth be discarded. He did not discard all that be had 
learned In his surgical training, but on the contrary continued to 
use splints In loose and displaced fractures and to advocate operative 
repair in fractures, such as those of the patella, where that method 
obtained the best results. Only Instead of making the fixation con- 
tinuous, as was the general practice, he removed the splints at regular 
intervals for massage and mobilization. Above all, it must be remem- 
bered that he kept the treatment entirely In his own skilled surgical 
hands or In the hands of the medical students whom he himself had 
trained. He had no use for massage as ordinarily practiced, which be 
considered far too vigorous and painful, nor did he think It posribre 
for even a trained technician to employ his methods satisfactorily. 
What he advocated was the early use of physical therapy— he-, mas- 
sage and mobilization— by the physician in charge of the patient, to 
conjunction with whatever other methods were indicated for the 
reduction and healing of the fracture. 

While bolding up a warning band against the treatment of fracture* 
by prolonged Immobilization, he at the same tune sounded a warning 
note against the injudicious and uninstructed use of his methods, which 


by enthusiasm for any particular method of treatment. Said he, “It 1* 
a serious matter to employ this revolutionary treatment, for the public 
is but little prepared to accept It, and the medical world is even to* 
prepared than the public. I advise you, therefore, to act prudently, 
and to advance only by sure step, in order not to expose yourself to 
Chech*, to apply the method In *uch a manner that the good which may 
result therefrom will be evident to aH” 

Lucas-Champlormllxe’s work proved a turning point in the treatment 
of fractures. Tte Importance of functional restoration began to be 
recognhtrti and wUh this the necessity of treating all of the structures 
aflected than the broken bone alone. Owing to the 

general misconception of what hU attitude actually was, only a few 

? hy *^H^ U m5bh ^ ™ tbods ” their entirety, although 

(„ who devote much ttae to fracture treatment have failed to be 

affected In some degree by the changes he set in progress Mennell*-' 
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of London learned Lucas-Championniire’s methods at first hand and 
has continued to employ them and to advocate them with the con- 
viction born of a long and rich experience. His works on massage 
and the treatment of fractures are valuable contributions deserving the 
most careful study. I gratefully acknowledge my own indebtedness to 
them in the preparation of this article. 

Other factors also have contributed their share toward placing 
emphasis upon functional recovery after fractures. The Industrial 
Compensation Laws have played a considerable part by bringing pres- 
sure to bear on reducing the disability period for various injuries. The 
Great War contributed a great deal to the improvement of methods 
for the treatment of fractures, more notably by the introduction of 
various types of open splints and the greater utilization of traction 
methods, particularly direct skeletal traction. It also aided the develop- 
ment of physical therapy, the accomplishments of which were seen and 
appreciated. Since the war the multiplication of the automobile and 
the increasing mechanization of industry have caused a formidable 
increase in the number of injuries. This has led to an intensified study 
of the means of reducing functional impairment after fractures and of 
securing maximum physical rehabilitation of the injured. Physicians 
are turning their attention to physical therapy in the hope of better- 
ing their results with help from this source. There are great oppor- 
tunities for the development of this art, provided that each sti^) is 
made with caution and based upon a solid foundation. 

Functional Restoration, the Goal or Fracture Treatment 

The goal of all fracture treatment is the complete restoration of 
function in the injured part In the shortest possible time. When the 
injury is of a nature to cause irreparable damage, then the aim must 
be to minimize the functional loss, and particularly to try to avoid 
disabilities of a type to prevent return to the previous major occupa- 
tion or activity. A perfect result implies that the Injured part is as 
good as before injury, and that this has been attained without unneces- 
sary loss of time. 

The chief purpose of the skeleton is to provide a rigid framework for 
the soft parts and, together with the joints, to provide a mechanism 
which may be actuated by the neuromuscular apparatus. Interruption 
of the skeletal rigidity by a fracture leads to immediate loss of func- 
tion, and function c ann ot be regained until rigidity has been restored 
by healing of the fracture. Restoration of skeletal rigidity is not alone 
sufficient, but there must also be restoration of the skeletal form; in 
other words, the normal alignment of the bone must be preserved. 
This is necessary, not only for esthetic reasons, but in order to main- 
tain the normal anatomic relationship or architectural pattern with- 
out which the parts function imperfectly. The restoration of rigidity 
and normal form of the skeleton, however, Is by no means all in tjie 
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tlcularly in contrast •with those obtained by the preexisting treatment 
In Judging these results, however, It Is well to remember that tMs 
was prior to the discovery and clinical application of the roeatgo 
ray, and that the diagnosis of fracture was often faulty, and the con- 
trol of reduction negligible. Bony deformity of greater or lesser degrtt 
was the rule rather than the exception after treatment. Lucts-Cham* 
plonniire’s treatment probably did not lessen the bony deformity, bat 
it did at least restore function, and in this respect It was far and away 
ahead of the usual immobilizing treatment. At the same time there 
has been n great misconception of his real attitude. While radical, he 
never took an extreme stand, or claimed that his treatment could be 
applied without modification to every fracture or that all spUntin^ 
should henceforth be discarded. He did not discard all that he 
learned In his surgical training, but on the contrary continued to 
use splints in loose and displaced fractures and to advocate operative 
repair in fractures, such as those of the patella, where that method 
obtained the best results. Only Instead of making the fixation con* 
tinuous, as was the general practice, he removed the splints at regular 
intervals for massage and mobilization. Above all, It must be remem- 
bered that be kept the treatment entirely In his own skilled surgical 
hands or In the hands of the medical students whom be himself had 
trained. He had no use for massage os ordinarily practiced, which be 
considered far too vigorous and painful, nor did be think it possiUe 
for even a trained technician to employ his methods satisfactorily. 
What he advocated vras the early use of physical therapy — he-» 
sage and mobtlixatlon— by the physician in charge of the patient, m 
conjunction with whatever other methods were indicated for the 
reduction and healing of the fracture. 

While hiding up a warning hand against the treatment of fracturrt 
by prolonged [ InunoHUzation, he at the same time sounded a warn** 
note ag a i n st the injudicious and uninstructed use of his methods, which 
should be read carefully by any one who is tempted to be led away 
by enthusiasm for any particular method of treatment. Said he, “It H 
f ^ ^ rev °l u donary treatment, for the public 

^ bU and the world Is even l«s 

pr^ared than the public. I advise you, therefore, to act prudently, 
and to advance only by sure steps in order not to expose yourself to 
checks, to apply the method in such a manner that thTgood which may 
result therefrom will be evident to all.” ° 

Lucas^tamploonlbre's work proved a turning point in the treatment 
of fractures. The taportance of functional b^gan to be 

mcognSned and with this the neceadty of treating oil of tbeVtructores 
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veins is stopped by the pressure of exudate, and there Is a further 
accumulation of serum and lymph over a large area. Many of the 
phenomena are of reflex origin, as, for example, the edema from 
vasomotor paralysis and the muscle spasm with pain and limitation 
of joint movement Blood clot forms about and between the ends of the 
bones and infiltrates all the adjacent soft parts, extending into the 
muscles and upward and downward along the fascial planes. Un- 
clotted blood and serum gradually work their way to the surface, 
accounting for the extensive ecchymosis that is always seen in the 
region of a fracture. The formation of skin blebs Is due to the vaso- 
motor paralysis and the exudation of serum and lymph. 

It needs to be emphasized that this condition of traumatic inflam- 
mation is not followed by repair but actually constitutes the first step 
in that process. Repair begins at the moment of injury. The blood dot 
filling the spaces between the bone ends and extending into and infil- 
trating all of the soft structures is soon Invaded by leukocytes, fibro- 
blasts and newly formed capillaries originating from all the different 
types of tissue involved in the injury, and becomes transformed into 
granulation tissue. It Is important to note that at this stage there is 
apparently no difference in the character of the granulation tissue found 
between the bone ends and that formed In the soft tissues; they are 
one and continuous. Differentiation occurs later, when calcium salts 
are deposited in the tissue that is destined to become callus and con- 
nective tissue fibrils form in the intercellular spaces of that which is 
to become scar tissue, but even then the callus and scar remain 
firmly bound to each other. The scar formation and fixation of the 
muscles to the callus interfere with the contraction and extension of 


.the various musdes and hinder function. 

The old conception of a specific osteogenic cell, the osteoblast, de- 
rived entirely from other similar osteoblasts contained in the cellular 
space and marrow cavities of the ends of the broken bones has lost 
ground. According to modern views, bone is merely a form of con- 
nective tissue, and the osteoblast is simply a fibroblast in whose 
vicinity cnldum salts have been deposited.* Furthermore, the bone- 
forming function of the osteoblast has been denied. It is claimed that 
the deposition of calcium salts In callus is entirely a physicochemical 
reaction dependent upon local factors, as, for example, a variation of 
the hydrogen-ion concentration in that region or a concentration of 
some catalytic agent or enzyme, such as, perhaps, the recently discov 
ered phosphotase of Robison.* Evidence to this effect has U 
duced by Murray,* who succeeded In obtaining bone formation m 
muscle and fasda by the injection of certain salts of I S 1 
Pl»™. This evidence has been reenforced bt 
Husgins,' who mu able to produce bone in tbe soft^^h? 8 H 
transplantation of bladder epithelium. 1 tis5Ues the 
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treatment of fractures. Of equal Importance for functional prf» 
once are the soft parts. The skeleton Is only one part of the macaue, 
the other parts being represented by the articulations, musrt ' 
and bl^d vessels. Without the joints to ™ *L' ^2 

power, the nerves control, the blood vessels fuel, 
w many inanimate levers. All participate | n fun ^ n ^ h “ U ^f , B St 
one structure Is not of greater Importance than any other. AU 
be considered in treatment. 

Injury of the Soft Parts Accompanying Fractures 

It is a common mistake in treating fractures to think .ody 
injury to the bone, and to forget or overlook the 
injury to the soft parts. To fracture a bone routes a c ^ 
amount of force. The violence may act directly In the forro , , 
or crush, in which case the first effect of the force is expe . 
the soft structures before reaching the bones, or it may act ‘wu 
os by bending or twisting a part beyond Its normal limits of _ 

in which instance the giving way of the bone is accompanied y . 
tlon of the overlying soft parts. Also severe strain is often m»pa 
the ligaments, sometimes at a point quite remote from the 
When the violence Is severe enough not only to fracture tne 
but to displace the fragments, additional damage is done to tne ^ 
parts by the temporary continuance of the force after the resistance ^ 
the bone has been overcome. An extreme example of such violence 
seen In the case of a compound fracture. Here the overlying P 3 
are completely ruptured, including the skin, and one can readily ap- 
praise the extent of the damage to the muscle and other soft tissc 
In the majority of fractures that are classed as simple, the sou-P 3 
injury Is just as great, though concealed from one’s eyes by the 
that the integument remains intact There is extensive laceration 
soft parts, including muscles, blood vessels and fascia. In certainly 
stances, either the main nerve or blood vessels may be torn, or bo 
at the same time, resulting perhaps in paralysis, partial or complete 
ischemia, or gangrene. 


Pathology and Repair or a Fracture 

The key to the understanding of fracture treatment lies In a knowl- 
edge of the pathology of the lesion and of the changes that occur 
during the process of repair. 4 When a bone is broken, a condition ol 
traumatic Inflammation Is produced. Hemorrhage occurs from the 
torn vessels of the bone marrow, periosteum and adjacent soft parts. 
The blood vessels dilate as a result of vasomotor paralysis, and lym- 
phatlc drainage Is arrested. The swelling due to hemorrhage Is farther 
InCT eased by exudation. The return of venous blood in the unruptured 
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Principles of Fracture Treatment 

The requirements for fracture treatment are complex and difficult 
to fulfill. The Ideal treatment could only be attained by a miracle 
which, without the necessity of any surgical Intervention, would restore 
the displaced fragments to normal position immediately after the 
Injury, would maintain them in perfect alignment without the use of 
splints or other apparatus and so solidly that healing would proceed 
while at the same time full use of the part with motion of the adjacent 
articulations could be permitted. This represents an ideal Impossible 
of attainment, but It also gives us a goal at which to aim, and the 
more nearly our treatment can approach it, the better it will be. 

The chief principles of fracture treatment may be stated as follows: 
first, restoration of anatomic form as soon as possible after injury; 
second, maintenance of alignment and fixation of the fracture during 
the period of healing; third, institution of measures to overcome the 
circulatory disturbance and to maintain and develop function, begin- 
ning at the earliest possible moment after injury and continuing until 
complete recovery Is obtained. 


Ihportance of Reduction of the Fracture 

Restoration of a fractured bone to its normal anatomic form is 
essential to good functional recovery. Not only is it true that fractures 
which are properly reduced unite more surely and rapidly than those 
that are allowed to remain In vicious alignment, but the condition of 
the adjacent soft parts Is also Improved, and there is commonly to 
be noted less swelling and circulatory disturbance. Since the traumatic 
Inflammatory process that is initiated by a fracture reaches its peak 
within 48 hours, It Is evident that the pathologic changes can be influ- 
enced only when the reduction is performed within a few hours of 
injury. As a matter of fact, reduction becomes increasingly difficult 
with every hour that elapses. The muscles and fascia become Infiltrated 
with exudate and rapidly lose their extensibility, the tissue spaces be- 
come filled with lymph and fibrin, and blood clot envelops the ends of 
the bones and renders almost Impossible the meshing of interlocking 
fragments. The use of more force is necessary to accomplish reduction 
and this causes fresh hemorrhage and additional trauma to the soft 
parts. When the changes have progressed to the stage of organization 
or beginning callus formation before reposition of the fragments is 
accomplished, then still greater force must be used, and the amount 
of damage done is proportionately increased. Repeated reductions 
necessitated by the failure of previous attempts, are enormously harm- 
ful and result in an extension of the inflammatory changes and an 
IncrtM In tin severity o! tie reaction. To promote functional recovery 
it Is °( tie highest Importance to employ every measure that tends to 
minimize Injury of the soft parts and to reduce cicatrization and dr- 



io [sssri 


Treatment of Fraetnra 


The caldum salts that ore deposited In raflus retm *° **< 
chieny from local aoorces, from the aulolysls of necrosed tarn « 
ends of the broken fragments. Evidences of rarefaction 
Uon here arc the signs of normal progress of the 
practical purposes the amount of caldum salts derived from tteMood 
stream la relatively small and unimportant. The effect of i ^j****s 
h to reduce fracture healing to a purely local ^ o* 

which Is dependent upon local factors and only slightly attecteaoy 
general physiology of the body or by states of the body. 1 ."j”* t 
appears probable, then this view eliminates the long Its! ■ °* 
causes that have always been brought forward In expiaruuoa 
union and renders superfluous therapeutic procedures directed 
improving caldum metabolism. . f{ _ 

Whatever may ultimately be proved to be the fact, the grao^ 
tissue mass between oud about the bone ends gradually becoffw* ru, 
verted into osteoid tissue. The intercellular spaces become nueo ^ 
a homogeneous ground substance, the preosseous tissue, while . 
tered here and there are small islands of cartilage. Gradually caw 
salts are deposited In the ground substance and cartilage, flr ^ . 
callus becomes hard. Bone tissue has been formed, and the union 
the Iracture Is complete. ,,, 

The time required for fracture healing Is usually from three to 
weeks, depending upon the bone Involved and the situation of the uj 
ture in respect to cancellous or cortical bone. The process is qu 
in children than in adults, and somewhat slower In old ag^- ^ 
formation may be delayed by local conditions which hinder the.iojma* 
tion of granulation tissue, such as lack, of surrounding structures 
which It may spring, as In fracture* of the neck of the femur and « 
the carpal scaphoid, or Interference with proper blood supply or inter- 
position of muscle tissue between the fragments. Operative interference 
at a late period, when the soft callus has to be cleared away in nro« 
to secure approximation of the fragments, is also likely to delay hew- 
ing. There is considerable variation, In the local conditions upon which 
callus formation depends, between fractures of similar type in different 
individuals, and it is not remarkable therefore that considerable varia- 
tion in the healing time should be encountered. The fact that union has 
not been obtained at the time it is expected is not a sign that it will not 
occur, but may merely Indicate that the process of repair is proceeding 
more slowly than at other times. The amount of callus formed at first 
is excessive, but after the union has become solid, a further proce» 
of physiologic adaptation takes place. By revascularisation and ab- 
sorption the medullary cavity is finally reestablished, the cortical layers 
demarcated, and the excess callus removed. The process of physiology 
adaptation of the callus and restoraticc of bony contour Is slow and 
may take as long as one or two year*. Physiologic healing cannot be 
considered complete until this time has elapsed, even though anatom^ 
healing has been obtained In a matter of weeks. 
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union. Each fracture must be visualized in terms of its eventual end- 
result, and the course chosen that will give the highest yield in terms 
of function. Impaction is a start already made In the healing of a 
fracture, and It should not be broken up without good cause, especially 
in aged patients. It is often the acme of wisdom to be satisfied with 
an incomplete reduction, as long as the misalignment is slight and not 
of a disabling type, rather than to pursue anatomic perfection at the 
cost of diminished or delayed function. 

Reduction may be accomplished by manipulation, traction or oper- 
ation. With the manipulative method the operator endeavors to replace 
the fragments by leverage, angulation or traction, relying upon manual 
skill supplemented occasionally by the temporary use of some mechan- 
ical appliance, to exert traction. When reduction has been accom- 
plished, splints are applied to maintain the alignment Obviously the 
method is Limited In its application to fractures that are more or less 
transverse and only slightly comminuted and where reposition is likely 
to prove stable when obtained. It is employed particularly in fractures 
of the wrist, forearm, elbow, ankle, lower leg and hip. It is most 
successful when performed within two or three hours of the injury 
and with the aid of fluoroscopic visualization of the fractured bones. 
It requires skill and care to avoid injury of the soft parts from the 
use of too much force. 

The traction method Is used both to obtain reduction and to main- 
tain alignment afterwards. It counteracts the deforming influence of 
muscular contraction and, by pulling the fractured bone out to full 
length and restoring the supporting tension of the soft parts, secures 
correction of the deformity. It should be employed in such a way as to 
obtain redaction immediately, before pathologic changes In the region 
of the fracture have progressed to a stage to render It difficult, instead 
of gradually over a period of several days. A traction force of sufficient 
amount to accomplish reposition should be applied Initially, and, after 
reduction has been accomplished, this may be reduced to the lesser 


quantity necessary t0 maintain alignment The same principle should 
be applied irrespective of what method of traction is employed or 
whether used in combination with traction splints or not. The trac- 
tion method of reduction is used chiefly in fractures of the long bones 
such as the femur, both bones of the lower leg, the forearm and 
humerus. It Is indicated in oblique and comminuted fractures Involv- 
ing the articulations and those of the phalanges. It is also of great 
assistance in difficult fractures which for odc reason or another have 
not been reduced In the early period. Traction is not without danger 
but it usually accomplishes its purpose with less damage to the soft 
structures than either of the other methods. 

Tbt operative method of reduction may' be employed primarily In 
certain fractures, such as those oi the patella and olecranon, where 
approrima'lon cannot be secured In any other way. It may be etiplmred 
as a matter of preference In other fractures such as thoi of thestaft 
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dilatory disturbance in the region of the fracture, and for this, Dothb* 
is more effective than early reduction. 

When fractures are allowed to heal without correction of the bocy 
deformity, excess callus formation usually results, accompanied by 
greater fibrous fixation of the muscles. If the fracture is situated In lie 
vicinity of, or involves, a joint, bony irregularity may block motk* ot 
alter articular contour sufficiently to render Its use difficult. Mslorfoo 
also leads to later functional impairment through its repercussion upen 
the mechanics of the body. Angular deformity causes the adjacent 
joints to be thrown into abnormal relationship and results In unws 
bearing and strain. When healing is accompanied by overriding of tie 
ends of the fragments, shortening of greater or lesser extent resalts, 
and this affects not only the bone but also the muscles, which almost 
never regain normal power. The Fracture Committee of the British 
Medical Association * reported, after a study of the late results of frac- 
tures in 1736 cases, that good functional results accompanied good 
anatomic results in over ninety per cent of the patients. Fair and ever 
good functional results sometimes accompanied poor anatomic results, 
but usually only after prolonged disability time and when the particn- 
lar and special types of deformity that lead to great crippling had 
been avoided They stated that no method, whether operative or non- 
cperalive, which did not promise a good anatomic result should be 
accepted as a matter of choice. 

The importance of the reduction of the fracture at as early a 
moment as possible after injury must be accepted os a guiding pe- 
ople of fracture treatment. As is the case with every rule, however, 
ttere are ak° exceptions to this. Some type, of deformity are more 
disabling than others. Angular deformity and gross displacement with 
overrating are particularly likely to result in functional injpaln™®f 
Sirgile lateral displacement without shortening, provided that there is 
^ bon ' tnd * t0 lnsure union, is much less likely 
to . a ™ Th \»ge of the patient also makes a difference, 

may t 1 T t*™ 144 " 5 In the case of children than fa 
adults. Below the age of fourteen the growth process tends to correct 
errors in bony alignment^ and shortening of os mucins one inch fa the 

3TS 

22^&-gasjf - *- — - — 

Sit no ZTsTou^^^Tdoctlon Is always d* 
fractures. On the other hand, Uu 2 Xt£S ! t thi * ^ J Z 
direction. Each additional effort atTednS?^ *°, too v far l in 
to the tissue sad nullifies 

of repair. Fractures that have been mad L fn P J° 2 S 

and finally to operative reduction are^f t0 , r ' pe ?’ eJ rnsnlpulatic® 



Maintenance of Alignment of a Fracture tojdjm 1 n] 15 


mob Qiiation unduly. The physician feels that he has solved the first 
problem of fracture treatment and does not recognize that the second 
problem, that of securing functional recovery, confronts him im- 
mediately. 

Prolonged immobilization of the fracture is harmful to the soft 
structures involved in the injury and lays the foundations for slow 
recovery or permanent functional disturbances later. It has been 
pointed out by Drinker 10 that the accumulation of lymph in the tissues 
stimulates the growth of the connective tissue elements. Wherever 
there is prolonged venous or lymphatic stasis, an overgrowth of con- 
nective tissue results. Immobilization of a fracture promotes venous 
and lymphatic stasis by suppressing muscular contraction, upon which 
the venous and lymphatic circulations depend. Particularly is this true 
when the circulation has already been profoundly disturbed by the 
pathologic changes initiated by the injury itself and by the pressure 
of hemorrhage and exudate upon the uninjured vessels. Not only does 
the fixation of the muscles and joints interfere with the reestablish- 
ment of the circulation and delay the absorption of the exudative 
products, but It favors the extensive development of scar tissue and 
adherence of the muscles to each other and to the bone. 

In addition, it should be remembered that immobilization causes 
definite functional impairment even In the case of an uninjured, healthy 
extremity. Siegal and Sheboya, as well as other investigators, going os 
far back as x 866 (Moll 11 ), have dearly demonstrated that if the bony 
attachments of a skeletal musde are left immobilized for several days, 
so as to prevent the changes in length that normally result from 
spontaneous and reflex movement, there occurs a fixation of the 
musde at the length thus imposed upon it If taken early, this con- 
tracture can be overcome by active or passive movement, but if left 
untreated for some time, the damage becomes irreparable. This process, 
called myostatic contracture by Davenport and Ransom, 13 is dependent 
upon intact Innervation. It is a condition of permanent shortening in 
resting musde which is maintained In the entire absence of nerve 
impulses. A musde affected by this condition cannot extend normally; 
neither can it contract as much as a normal musde. Microscopically, 
such muscles show blurring of the stria ti on, mottled staining and loss 
ol alignment of the myofibrils. The musde may become permanently 
damaged, depending upon the period of immobilization. The longer 
the period, the greater the damage, and the greater the amount of time 
and effort required to restore function. 


Immobilization also gives rise to certain phenomena in respect to the 
articulations. Tbe joint capsule tends to become thickened and con- 
tracted, losing some of Its elastidty. The synovia begins to proliferate 
at the edge of tbe articular cartilage and to spread over the peripheral 
margin as in pan nus formation. When immobilization is discontinued 
and function resumed, tbe tmndJog tissue begins to recede, and tie 
joint capsule also gradually regains Its fleilble characteristics To over 
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of the femur or humerus, the bones of the leg or forearm or difficult 
fractures involving the articulations, on the grounds that it is bitty 
to obtain a more perfect result than any other method. Resort fa tfao 
bad to It when previous efforts to secure reduction by other methods 
have proved unsuccessful. The operative method is necessitated in 
most compound fractures to get rid of soiled and devitalized tissue and 
prevent infection. Depending upon the situation and type of the frac- 
ture, the operative method may aim only at securing reposition of the 
fragments and rely upon internal fixation with splints to maintih 
the alipunent, or reduction may be combined with some form of 
internal fixation in the form of catgut, kangaroo tendon, wire, saws, 
nails, bone plates, bands, etc. Operative reduction should be made 
secure and no risk taken of secondary displacement which might in- 
validate the entire benefit of the operation. Operative reduction causes 
VS”? to toe soft tissues from the incision and exposure 

° m u x??' ^ Ul th ls damage is often less In amount than that 
^ C £.,T° U d t* cauv ‘ d by closed reduction. It is counterbalanced by 
r 7' action accomplished and the greater security that re* 
£w’J? rtI ,^ ar t ly lntCT ™> fixation is used. Operative reducti» 
rfat ’ cUetly ^ of ln( «ction, anti ought t0 tmdtT .' 
ZnjZfohn!? .73%™ " ho have hat! training < m ^ ' r ? 1 

^ COmmand a “ tha Sties 1" the of etpip- 
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Sd to S been Jt ied generally lead, to grad deg, 

m £ b >« ! >*"efidal than If the operation tod 

SZlEteSsfZzir.z? “ 

MsrKrau.KcE or Ahotoomt or a F*actuw; 

Reduction of a fracture h. i, „ . ... _ 

unless supplemented^^^'^" “ ptrftct > 55 of UtU 5 
ment afterward. This MceSStauJrh “'“'f'* to maintain the ai!g“- 
the form of Piaster “f °> external Sration either to 
and types with or without! uSto? ’F UnU of 

tore represents a realTas^^ .^Macement of a reduced irae- 
are hard, the less wffl be the con ’P lrt ' 1 y the fragments 

of callus takes time, and If ih^Ln ,w ? a “Wrap. The fonnation 
minute until consolidation !a ctaafeid.i, 01 Ration Is reiaaed for* 
may be lost Furthermore, movtnJm o( the 

healing. Consequently when a fracw. v ?“ fr *grnents may retard 
and the alignment has been proved tn r educed and splinted, 

tion roentgenograms, there Is a “tisfactory by the postreduc- 

8reat tendency to prolong the inf 



OhipUr 11 -17 

TituM nJ 11 


Maintenance of Alignment of a Fracture 


stimulated. When a fracture of the bones of the lower leg or of the 
shaft of the femur fails to unite within the usual time, a procedure 
frequently adopted is to apply a weight-bearing brace and encourage 
use, and bony onion often results. All of these splints and braces per- 
mit a limited amount of movement at the site of fracture, and It is 
easy to start from this point and argue that movement stimulates 
fracture healing. 

On the other hand, there are facts that point to the conclusion that 
when the approximation of a fracture is perfect and the fixation rigid 
and as complete as possible, then union is much accelerated. In the 
usual fracture the conditions are so favorable for callus formation 
that healing may occur even in spite of a little movement. In fractures 
of certain bones, however, such as the carpal scaphoid or the neck of 
the femur, the local conditions are unfavorable, in that callus forma- 
tion must proceed from intrinsic sources entirely without help from 
the adjacent soft structures, and the blood supply to one of the frag- 
ments Is scanty and frequently entirely lacking. Here failure of union 
is the common result of failure to immobilize, and all authorities 
agree that the more complete the immobilization, the greater the 
chance of obtaining union. Turning to fractures in other regions, It 
is not difficult to find many examples of nonunion where the responsi- 
bility can be traced directly to the door of repeated manipulations or 
of too much movement While fractures of tbe long bones in both ani- 
mals and meD may heal without immobilization, It is to be noted that 
this Is accompanied by bony deformity with overriding of tbe frag- 
ments. When displacement of a fracture Is allowed to proceed without 
interference, the shortening finally reaches a maximum, and the frag- 
ments arrive at a point of relative stabilization. In this position, but 
not without it. Is healing likely to take place. Such a result is not 
likely to be accepted willingly by the average patient, and to obtain 
healing without deformity, the wise physician will always employ im- 
mobilization. Similarly the explanation of the benefits that result 
from the use of weight-bearing splints or braces in fractures of tbe 
lower extremity Is to be found in the improvement of the circulation 
and the overcoming of bone atrophy, which counterbalance and out- 
weigh the harmful effects of such slight movement ns cannot be pre- 
vented at the site of fracture. 


One must conclude, from a review of nil the evidence, that rigid 
immobilization of the fracture with good approximation accelerates 
bony union, but that, on the other hand, callus will usually form 
even in spite of a little motion of the fracture. With the microscopic 
picture of bone repair before one’s eyes, it Is easy to understand that 
movement of the fragments, while tbe callus is soft and In a formative 
stage, fa hkely to result in rupture of many of tbe small vessels and 
lead to an increase of the connective tissue elements which mav be 
harmful later (o union. If any motion is to bn permfttnd durirn; t£ 
hnaling of a fractum, It must bn mduend to thn very minimum. ? 
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come and counteract these changes, a considerable amount ol [Urnefa 
required; during this period, use of the part is painful, 

Is likely to be delayed unless the patient exhibits considerable 
These are only a few of the more definite effects ofimm^mtatta 
upon the muscles and Joints, and other examples of harmful 
pertaining to the circulation and disuse atrophy of muscles 
might also be given if It were necessary to make the picture c ? D ^f?r 
Enough has been written, however, to show the importance 01 a 
ing complete Immobilisation of a fracture, whenever possible, qm 
reducing the period of fixation to the shortest possible time w 


other method can be used, . , . . . 

One other question arises in connection with the subject of 
bllizatlon, namely, whether it is necessary in order to obtam&ea n* 
of the bone. In the animal world there are found many example* 
fractures thit have healed without immobilization. Indeed, 
wild animals scarcely any other outcome after bony injury is P 05 ' 
save death. An animal that has fractured one leg keeps going on 
remaining three legs until such time os the Injured part has men 
sufficiently to permit of some use. Necessarily, gross deformity resu 
from such treatment, or lack of treatment, but this does not pevw 
callus formation, as Is shown by the observation of many game mm 
and other students of animal life, nor, according to report, doe 
seem to interfere very seriously with the function of the part 1 
situation with regard to tbe human animal is, of course, much mp 
complex, but unfortunately examples are not lacking to show t 
unrecognized and untreated fractures may go on to union with de- 
formity. Lucas-Cbampionnlire 11 called attention to tbe fact that cauos 
formation almost never failed In the repair of fractures of the dw> 
and yet that these bones were never completely Immobilised. He 
pointed out that healing regularly occurred in fractures of the fem^j 
shaft, which, in his time, were treated only by extension withom 
adequate fixation and where the f ragmen U were necessarily movea 
at frequent intervals with the change of position of the patient 10 
bed. Lucas- Cham plonni^re considered that a certain amount of mom* 
was not inimical to call os formation, and went so far as to state that 
from his experience a certain amount of motion hi fractures Kcmedto 
accelerate tbe formation of callus. Many surgeons now hold the 
that complete Immobilization is not necessary to fracture healing. A* a 
matter of fact. It is rarely, If ever complete, as practically all splints 
permit at least a slight amount of motion at the site of fracture. To 
eliminate all motion It would be necessary to apply the splint 3 30 
tightly that there would be danger of pressure necrosis. In the modem 
functional treatment of fractures, early use of the injured part, 
tected by splints, Is strongly advocated. In the case of certain fractures 
of the lower extremity, some surgeons employ weight-bearing spl^ 15 
at a period when the healing of the fracture is but little advanced, ofl 
the grounds that functional recovery is hastened and bony union » 
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stimulated. When a fracture of the bones of the lower leg or of the 
shaft of the femur fails to unite within the usual time, a procedure 
frequently adopted is to apply a weight-bearing brace and encourage 
use, and bony union often results. All of these splints and braces per- 
mit a limited amount of movement at the site of fracture, and it is 
easy to start from this point and argue that movement stimulates 
fracture healing. 

On the other hand, there are facts that point to the conclusion that 
when the approximation of a fracture is perfect and the fixation rigid 
and as complete as possible, then union is much accelerated. In the 
usual fracture the conditions are so favorable for callus formation 
that healing may occur even in spite of a little movement. In fractures 
of certain bones, however, such as the carpal scaphoid or the neck of 
the femur, the local conditions are unfavorable, m that callus forma- 
tion must proceed from Intrinsic sources entirely without help from 
the adjacent soft structures, and the blood supply to one of the frag- 
ments is scanty and frequently entirely lacking. Here failure of union 
is the common result of failure to Immobfllxe, and all authorities 
agree that the more complete the immobilization, the greater the 
chance of obtaining union. Turning to fractures in other regions, it 
is not difficult to find many examples of nonunion where the responsi- 
bility can be traced directly to the door of repeated manipulations or 
of too much movement. While fractures of the long bones in both ani- 
mals and men may heal without immobilization, it is to be noted that 
this is accompanied by bony deformity with overriding of the frag- 
ments. When displacement of a fracture is allowed to proceed without 
interference, the shortening finally reaches a maximum, and the frag- 
ments arrive at a point of relative stabilization. In this position, but 
not without it, is healing likely to take place. Such a result is not 
likely to be accepted willingly by the average patient, and to obtain 
healing without deformity, the wise physician will always employ im- 
mobilization. Similarly the explanation of the benefits that result 
from the use of weight-bearing splints or braces in fractures of the 
lower extremity is to be found in the improvement of the circulation 
and the overcoming of bone atrophy, which counterbalance and out- 
weigh the harmful effects of such slight movement as cannot be pre- 
vented nt the site of fracture. 


One must conclude, from a review of all the evidence, that rigid 
immobilization of the fracture with good approximation accelerates 
bony union, but that, on the other hand, callus will usually form 
even in spite of a little morion of the fracture. With the microscopic 
picture of bene repair before one’s eyes, It Is easy to understand that 
movement of the fragments, while the callus Is soft and in a formalise 
stage, us likely to result m rupture of many of the small sessels and 
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healing of a fracture, „ must ** 
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The location of the fracture b of considerable importance In deter- 
mining how complete Immobilization should be- Fractures, throu^the 
shafts of the long bones are much more likely to exhibit delayed hal- 
ing or nonunion than fractures through cancellous bone, wtvmawa 
here probably depending upon differences in vascularity. Certain ir»c- 
tures are noted for delayed healing or failure to heal, a*. lor, example, 
those of the scaphoid, neck of the femur, both bones of the ** 
junction of the lower and middle thirds, the shaft of the humerus in 
middle third, and both bones of the forearm Jn the middle ara uppn 
thirds. Here Immobilization should be as complete as possible *no 
should be maintained as long as necessary even at the 
functional consideration. On the other hand, fracture* involving 
other articulations, or in the neighborhood of the articulations, 
heal readily since they are situated in cancellous bone possessing amp*^ 
blood supply. Such fractures require meticulous reduction, but 
reduced, early mobilization may be permitted with benefit. 

Knowing tbe harm that may be done by prolonged immobulxau » 
yet having to make use of it in loose fractures In order to malm* 
reduction, let ui consider how some compromise may be reached 
the interest of promoting functional recovery. In general, “**“*5?. 
accomplished by the use either of retentive apparatus or of traction 
splints. Tbe former category includes plaster of parts apparatus, * 
variety of splints of different designs and materials, and some simp** 
dressings of bandage or adhesive plaster. Under traction splints art 
included the various types of Thomas splints and special nKxknca- 
tions of these intended for the arm, shoulder, leg and hip, and tbe 
so-called banjo splints for the fingers and toes. , 

When applying retentive splints to a reduced fracture, the first rote 
should be to fix a time for their removal. Especially fs this necessary 
in tbe case of plaster-of-paris dressing. This time may have to be pro- 
longed if union proves not as far advanced as expected, but nothing 
Is worse than to prolong It without adequate reason. When using dr- 
cular plaster-of-paris casings, it is always a safe principle to split them 
on two sides as soon as they have hardened. This guards against con- 
striction and also makes possible the removal of the splints and exam- 
Illation of the fracture without unnecessary delay. Secondly, 
those articulations should be immobilized whose movement would he 
inimical to maintenance of redaction or to fracture healing. Thus in 
fractures of the forearm or wrist it is unnecessary to fix the finger* esc 
thumb, and active movement and use of the digits should be encouraged 
from tbe beginning. The same is true oi the toes in fractures of the 
lower leg and ankle. Total fixation of the ankle Is frequently »<* 
required, and a portion of the splint over the dorsum of the foot may 
be cut away to permit United mobilization here without entirely 
sacrificing suPP® 1 * ° tte Ioot - Movement, of ^e or Up are 

not contraindicated In many fractures involving the extremities, but 
stiffening of these jointi may occur during the period of fixation unk» 
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adequate attention is directed toward preserving their function. 
Thirdly, in so far as the requirements of the individual fracture permit, 
those joints that are to be immobilized should be fixed in the optimum 
position for functional recovery. These are usually positions in which 
gravity will represent an aid Instead of an obstacle to the recovery of 
motion. Thus the shoulder recovers motion more readily when fixed 
In abduction, the elbow in flexion, the knee in extension and the ankle 
in right-angle flexion. Frequently the necessity of maintaining reduction 
of a fracture imposes a different position upon one of the articula- 
tions, but the other joint may be fixed in accord with functional 
considerations. Lastly, it is frequently possible to remove the splints 
temporarily at regular intervals, beginning immediately after the reduc- 
tion, to allow massage and mobilization. The fixation thus becomes 
interrupted instead of continuous. If the reduction is insecure with 
considerable danger of displacement, the splint on one side may be 
removed and this surface exposed for treatment while the fracture 
is supported on the other side. The splint may then be reapplied 
while the other one is removed to allow treatment. Healing soon 
progresses to the stage when the part may be lifted out of the splints 
altogether and supported manually while mobilization is performed. 

Continuous traction or extension has been used for the fixation of 
certain fractures since ancient times. Although it overcomes shorten- 
ing and secures reduction, it does not of itself provide Immobilization 
unless used in conjunction with fixative apparatus. The traction splints 
devised by Thomas, and popularized at the time of the Great War by 
Jones, meet this need and provide both rigid external fixation and 
the opportunity for traction and countertraction. It is essential to 


employ suspension in order to derive the greatest advantage from the 
use of traction splints. Suspension means slinging the splint support- 
ing the injured limb to an overhead frame by means of a system of 
cords, weights and pulleys in such a way that the weight of the injured 
member is exactly counterpoised and its mobility greatly increased. 
Traction is maintained by a cord passing over a pulley at the end cf 
the bed and fixed to a weight. Traction-suspension is of great vzinr if 
a physical therapeutic measure and also in promoting the pzrim'f 
comfort. With proper arrangement of the apparatus, the ^ 

enabled to sit, he or change position to a limited extent wribxr dis- 
turbing the fracture. This greatly fadHtntes the nursing ore. xnf 
resulting activity is of benefit to the general musculature amf 
tlon. It permits tit mobilisation of joints that 
If retentive splints were used, maintains muscular -T UCC 
rwelllng and generally hastens the recovery of fair -~=rT 
duction and general adoption of tie tractf'oiHmsresfas 
certain types ol fractures marks one of tie 

functiorf ,I “ de ltra ’ mrol >«*** ^ 


The value of traction-suspension treatment has are^ ^ i 
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increased by the Introduction of skeletal traction. Hy this praotat 
traction Is applied directly to the bone by the Introduction of pot 
tongs or the small flexible wire of Klrtchner. Skeletal traction, uao- 
trusted with the ordinary method of adhesive skin tractwo, bu lire 
great advantages. First, the force Is applied directly to the boot rim 
its action Is desired. There Is no loss from diffusion of the ferae 
In the case of skin traction; consequently the amount of force reqpird 
k less. Second, the point of contact of the skeletal appliance inti & 
limb Is small, nnd as a result the entire region of the fracture rod lie 
distal part of the extremity nre left unearned. The wide teas to 
the limb thus gained is of considerable Importance In pm nittiag fee 
use of massage nnd heat, and nlso In the case of Infected 
fractures In making possible examination and treatment of the 
Third, when npplled directly to the distal end of the toctnrtd»*< 
It permits movement of the joints, not only above, but olio Wotw 
fracture, and thus creates almost Ideal conditions for fundi®* 


treatment. 

A third method of fixation that requires mention In any 
Uon of the ways of securing Immobilization Is that of iol^n at 6 
made possible by operation. One of the advantages of 
j* that It paves the way for securing such complete fixation 
fracture that early movement of the neighboring joints 
nutted and other measures Instituted to counteract and ov^Tj, 
effects of trauma to the soft parts. In the case of reUw*v 
fractures where healing occurs rapidly, this may not cons 
sufficient advantage to justify prolonging the operation and , 
ing foreign material. In that case the surgeon will rely 
splmts to maintain the alignment following operation, but ** 
make an effort to begin removing them temporarily at an JJ**/ ^ 
to permit movement. In the case of fractures that are . ^ r -.-fty 
auplaced or that require a long period for healing, half of the , 
° open reduction will be lost unless some method of -j* 

fa u^ally means the Introduction of 

» bone plates or nails. The great desideratum Is that 
he 8ecure hy internal means that massage and 

Whim tul v 5 R ? on u th^ patient has recovered from 
qJ^ he«\ done, little in the way of external 

Q ed, and protection U muniKr nrr«.4»i Kv retentive ! P a r" 


ouir^ Tn^ , acrae ' “ttle in the way of external rjO 

SSria?l PrOteCti0 P 15 ^ly afforded either by retentke^ 
•PP.S Whl^ 0Wd , i or physiml therapy or by tracUtm-^2 
C l provides the opportunity for massage and to 0 ' 


^titotion or Meascmts to Restoke Func™ m 
““t that e £ a ^ s e |? considered n third principle of fra^-'^V 1 ^-*- 

?“*d prtvfmal?^ 1 . to P 0rtanct with the two that have be« 
function. WMTaianS'ri 7 ’ J5* kstltuUon of measures ^ 
atraumatic reduction of the deformity at the a*** 
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moment and maintenance of alignment afterwards by methods of 
splinting tha t minimize as far as possible the harmful effects of Im- 
mobilization are of aid in obtaining functional recovery, their mode 
of action is more negative than positive in that they seek to lessen 
the 111 effects of necessary treatment. Other measures capable of more 
directly influencing the pathologic changes in the soft parts must be 
adopted If the disability time of fractures is to be shortened and the 
functional results improved. The only measures at our command capa- 
ble of accomplishing this purpose belong to the domain of physical 
therapy, and they should be Included just as regularly in the treatment 
of fractures and employed with the same skill as are reduction of the 
fracture and splinting to maintain alignment 
When we consider the pathologic changes arising from a fracture, 
It is obvious that the Immediate traumatic reaction and subsequent 
inflammatory process are of a reparative nature and have for their 
purpose the eventual formation of callus to beal the bone and of scar 
tissue to repair the injured soft structures. Much of the reaction In 
the soft tissues appears excessive, however, and out of proportion to 
the actual degree of damage. The soft parts are flooded with exudate 
and Involved in severe circulatory disturbances that are inimical to 
the preservation of their function. The extension of hemorrhage be- 
tween muscles and along fascial planes and into tendon sheaths leads 
through the organization of the blood clot to the formation of cicatri- 
cial adhesions, obliteration of gliding surfaces, and fixation of the mass 
of scar tissue to the callus with prevention of the shortening and 
lengthening reaction of the muscles. The pouring out of exudate during 
the inflammatory reaction increases the swelling already present from 
hemorrhage and adds to the embarrassment of the circulation by mak- 
ing pressure upon the veins and lymphatics and by blocking the latter 
with cellular products. The unavoidable immobilization of the fracture 


intensifies and perpetuates this condition by abolishing all muscular 
contraction, upon which the venous and the lymphatic circulation 
depend. As organization advances to cicatrization, the circulatory dis- 
turbances become fixed, owing to the blocking of the drainage chan- 
nels by the newly formed fibrous tissue. Watson 14 expressed this con- 
ception as follows: "Blood extravasated Into the soft tissues serves no 
known useful purpose. It is foreign material and in time is removed os 
such by the ordinary drainage media — the lymphatics and blood 
vessels. If these effusions and extravasations are not rapidly removed 
organization will take place with the formation of adhesions between 
articular surfaces, between tendons and their sheaths and between 
nerves and the surrounding tissues producing ‘matting’ of the soft 
parts.” All of these changes find expression during the convalescent 
stage of treatment, In swelling of the extremity, impaired circulation 
Joint stiffness and muscular weakness, and are reflected in the patient’s 
complaint of continued pain and inability to resume normal activities 
As a matter of fact the time necessary' to overcome venous stasis 
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increased by the introduction of skeletal traction. By this procedure, 
traction is applied directly to the bone by the introduction ot pun, 
tongs or the small flexible wire of Klrschner. Skeletal traction, as con- 
trasted with the ordinary method of adhesive skin traction, has three 
great advantages. First, the force Is applied directly to the bow- where 
its action Is desired. There Is no loss from diffusion of the force ® 
In the case of skin traction; consequently the amount of force requite 
is less. Second, the point of contact of the skeletal appliance with tar 
limb is small, and as a result the entire region of the fracture ana the 
distal part of the extremity arc left uncovered. The wide aC *- CS3 
the limb thus gained is of considerable importance In permitting the 
use of massage and heat, and also in the case of Infected 
fractures in making possible examination and treatment of the wo®®- 
Third, when applied directly to the distal end of the fractured boat, 
it permits movement of the joints, not only above, but also below the 
fracture, and thus creates almost ideal conditions for functiocal 
treatment. 

A third method of fixation that requires mention In any considera- 
tion of the ways of securing Immobilization is that of internal fixation 
made possible by operation. One of the advantages of open reduction 
is that It paves the way for securing such complete fixation of the 
fracture that early movement of the neighboring joints may be per- 
mitted and other measures Instituted to counteract and overcome the 
effects of trauma to the soft parts. In the case of relatively simple 
fractures where healing occurs rapidly, this may not constitute a 
sufficient advantage to justify prolonging the operation and Introduc- 
ing foreign material. In that case the surgeon will rely upon external 
splints to maintain the alignment following operation, but he sbouW 
make an effort to begin removing them temporarily at an early perw 
to permit movement In the case of fractures that are likely to t* 
displaced or that require a long period for healing, half of the benefits 
of open reduction will be lost unless some method of strong internal 
splinting is used. This usually means the introduction of metallic wire, 
screws, bone plates or nails. The great desideratum is that the fixation 
be made so secure by Internal means that massage and movement can 
be started as soon as the patient has recovered from the operation. 
When this has been done, little in the way of external support Is re- 
quired, and protection Is usually afforded either by retentive splints 
that may be removed for physical therapy or by traction-suspension 
apparatus which provides the c^rportunlty for massage and movernc 0 *- 


In B immoN or Measure* to Rebtosk Function 

There remains to be considered a third principle of fracture treat- 
ment that is of equal importance with the two that have been dis- 
cussed previously, namely, the institution of measures to restore 
function While atraumatic reduction of the deformity at the earliest 
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was 206.5 days. These figures assume even greater significance when 
it is pointed out that a very large percentage of these cases repre- 
sented only fracture-sprains or fractures without deformity, and very 
minor fractures such as those of the fingers or toes. While it is doubt- 
less true that other factors such as psychologic and economic con- 
siderations play a considerable part In determining the length of the 
convalescent period in industrial surgery, It is nevertheless evident 
that the period of disability after fractures is longer than it should be 
and that the results of treatment are still far from satisfactory. 

Progress In Improving the surgical part of the treatment of fractures 
is being made as the result of organised propaganda and educational 
work carried out among the members of the medical profession 
throughout the country. While there still remains great room for 
further improvement along this line, I do not believe that this will 
solve the problem. I look to the more general and Intelligent use of 
physical therapy, not by physical therapists but by physicians, as the 
means of making the next great advance in fracture treatment. Physical 
therapy when rightly used, that is, beginning in the acute stage of 
injury, is capable of influencing the pathologic changes of a fracture, 
particularly those affecting the soft parts, in a manner favorable to 
overcoming causes of delayed recovery. This belief is shared by many 
experienced students of fractures. Darrach 1T advised early massage 
both before and after reduction of the fracture and described the re- 
sults as follows: “The result is a decrease In pain and discomfort, and 
improvement in circulation and so a hastening of repair. It also pre- 
vents much of the stiffness In joints and muscles, lessens the amount of 
atrophy and shortens the time for return of full power." Watson, 14 
reporting on his experience with 400 cases of fracture treated by early 
massage and mobilization, stated: "Organization occurs during the 
first 9 to 10 days, hence It is during this crucial period that the local 
drainage apparatus — the circulatory and lymphatic systems — already 
reduced In efficiency by the Injuries received, should be aided b their 
work of debris removal. Massage rapidly removes these effusions and 


extravasations by restoring the local lymphatic and circulatory drain- 
age to Its former efficiency.” Murray 11 expressed himself thus: "It is 
today becoming recognized that physical therapy displays Its chief 
and prime value In the early phase, In that stage when hemorrhage, 
exudate and transudate infiltrating the soft parts can be actually re-' 

moved by painless physical therapeutic measures acting reflexly not 

by direct pressure on the circulatory status of the part" Tret ho wan 11 
said: "It Is the acute case which benefits most from physical therapy 
and in which this expensive treatment Is economically of most value 
When treatment Is unduly delayed, the efforts of the masseuse are 
devoted largely to combating the results of neglect— poor circula- 
ll «b disuse atrophy I® ol poster, stiff joints, contractures and 
adherent scars. Galland** srrote as follows: “The use of physical 
therapy must not be relegated to an attempt to rehabilitate cases 
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and edema, to restore normal circulatory conditions, to mobDlie stiff 
joints, to free the scarred and contracted muscles and to build np 
their power is generally many times greater than the period required 
for the healing of the fracture. Physicians who are engaged only in 
private or hospital practice frequently foil to realise this, os most of 
their patients arc dismissed at the time when further active treatment 
ceases to be necessary' and generally before function has been com- 
pletely regained. Industrial surgery has furnished a very useful check 
on the duration of disab ility, as under the industrial compensaticc 
laws the patients have to be followed and treated, not only until their 
fractures have healed, but until they are able to return to work. Since 
most of the patients are employed at jobs necessitating heavy labor, 
it is impossible for them to resume their occupations before they have 
obtained nearly complete functional recovery. 

Studies of fractures among this group have shown that the disabling 
effects of the injury continued for a long period after the fracture Itself 
had healed. The disability time of a fracture may be divided into two 
periods: the first, the period of consolidation, which extends from 
the moment of injury to the time when healing Is sufficiently firm to 
permit the removal of fixative apparatus and the beginning of active 
use either with or without protection; and the second, the period of 
convalescence, which extends from the end of the consolidation period 
to the time when functional restoration is sufficiently complete to 
allow the resumption of normal activities or work. Figures obtained 
from the Industrial Accident Commission of Massachusetts >* showed 
that the average duration of temporary total disability after fracture 
of the wrist was 9 weeks, whereas the period of consolidation was 
usually 3 to 4 weeks; and after fractures of the region of the shoulder 
It was 16.7 weeks against a consolidation period of 4 to 5 
These figures were for all cases and included a large number of 
fractures of very mtaor nature, and In addition did not indude the 
period Of partW dluMUty whlS. to in durtrial ^ fa often very tag. 
End-result atudioat the Massachuaetta General Hospital showed tat 
° f J?ti > ™“, of I ,hc lOTr " leg rarely recovered before the end 
c ? n ? ,lidaaon to* ° f ro to H weeks, end 
that fractures of the shaft of the femur usually caused disability of 

wee I taTbftartvf r T?t, OTMoUdaUon ™ usually complete to 8 to 

5 


and even higher, in the report of the A rZm- 
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was 306.5 days. These figures assume even greater significance when 
it is pointed out that a very large percentage of these cases repre- 
sented only fracture-sprains or fracture* without deformity, and very 
min or fractures such as those of the fingers or toes. While It is doubt- 
less true that other factors such as psychologic and economic con- 
siderations play a considerable part in determining the length of the 
convalescent period in Industrial surgery, it Is nevertheless evident 
that the period of disability after fractures is longer than It should be 
and that the results of treatment are still far from satisfactory. 

Progress in improving the surgical part of the treatment of fractures 
Is being made as the result of organ! red propaganda and educational 
work carried out among the members of the medical profession 
throughout the country. While there still remains great room for 
further improvement along this line, I do not believe that this will 
solve the problem. I look to the more general and intelligent use of 
physical therapy, not by physical therapists but by physicians, as the 
means of making the next great advance in fracture treatment Physical 
therapy when rightly used, that is, beginning in the acute stage of 
Injury, is capable of influencing the pathologic changes of a fracture, 
particularly those affecting the soft parts, in a manner favorable to 
overcoming causes of delayed recovery. This belief is shared by many 
experienced students of fractures. Darrach ,T advised early massage 
both before and after reduction of the fracture and described the re- 
sults as follows: “The result is a decrease in pain and discomfort, and 
improvement in circulation and so a hastening of repair. It also pre- 
vents much of the stiffness in joints and muscles, lessens the amount of 
atrophy and shortens the time for return of full power." Watson, 11 
reporting on his experience with 400 cases of fracture treated by early 
massage and mobilization, stated: “Organization occurs during the 
first 9 to 10 days, hence it is during this crudal period that the local 
drainage apparatus — the circulatory and lymphatic systems — already 
reduced in efficiency by the injuries received, should be aided in their 
work of ddbris removal. Massage rapidly removes these effusions and 
extravasations by restoring the local lymphatic and circulatory drain- 
age to its former efficiency.” Murray 11 expressed himself thus: “It is 
today becoming recognized that physical therapy displays its chief 
and prime value in the early phase, in that stage when hemorrhage 
exudate and transudate Infiltrating the soft parts can be actually re- 
moved by painless physical therapeutic measures acting reflexly — not 
by direct pressure on the circulatory status of the part.” Trethowan 11 
said: “It Is the acute case which benefits most from physical therapy 
and in which this expensive treatment is economically of most value. 
When treatment U unduly delayed, the efforts of the masseuse are 
devoted largely to combating the results of neglect— poor circula- 
tion, disuse atrophy, loss of power, stiff Joints, contractures and 
adherent scars.” Galland M wrote as follows: “The use of physical 
therapy must not be relegated to an attempt to rehabilitate cases 
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functionally impaired after long-continued surgical treatment of frac- 
tures, but must be Included In our scheme of treatment from the 
earliest phase of handling the condition.” The pioneer of physical 
•therapy m fractures, Lucas-Champlonnlfere, 1 always emphakird flat 
massage ana mobilization should be used from the veiy beginning If 
the most striking results were to be obtained. His English disdple, 
MennelV has been equally convinced of this and described the effects 
re e of pain and spasm, improvement in nutrition and earlier 
functional restoration. 

I’hysiiai therapy must therefore be employed within the first two 
tmmrtrrh ^ effect is to be obtained in the removal of 

viiir?Qh-^ C fi! LrK ^i.? X y? ate ' ^^5 the remainder of the period of cco- 
, ’ function of phystail therapy is in preserving the 

mobility j 8 m J 5C ^ e5 » preventing adhesions, maintaining Joint 

rfTrrt*; the circulation and, in general, counteracting the 

assistance fn , obl ^ z f tIon - WMle physical therapy can be of great 
out that tht« \ C ^ y 1 8tn ? e of fracture treatment, it must be pointed 
MSS y ^ V* 0 * when there is the greatest danger 

to result frl^ H° nC fra ? ments > and when the greatest harm is UVdy 
tom^tfrorn undue motion at the seat of fracture. Treatment at this 

t0 a technician with any safety, and if 
cither by the * ^ployed it will have to be administered 

AW Si tbefe?** fn pc T Q or Erectly under his supenrfdc*. 
it cannot ’be ndmInM~L! n l!?i bavc ^ quality of painlessness, and if 
When tho period of c < ^| Wlth ° Ut paIn ’ il hsd ketter ** “ bllI ’ dt,lcd - 
can be permitted chief ^, racHlc ' ^ b«n reached, and active t« 
efforts, ancTthe rCnf^/p^fe ^ ^ P^ced In the patient’ 3 <"7 
in showing the patient hL , I!? therapy becomes chiefly education!, 
eierci-e. Phystad therapy by mu5ck reSdncation and 

healing of the fracture ? Ld ? dlid .' s » "lien ,on S continued alterthe 
ft has been subject to doubt that in this resp«t 

the Committee on “ thc P**- The Research Group 0 

Surgeons 11 reported of 11,6 American College of 

fie, the opinion that the amidol r ? view ot our "tadatical data Justi- 
generally doe, not ° f P^otherapy as now practiced 

sufficient benefits are derived to nor doe5 il Indicate that 

and when used it should be a PP p cation indiscriminately. 

Of the various a«cncL 0 r3 for a Umit «I time.” 
general designation of physiod^thT^” that arc “P 10 ^ under the 
massage, movement, irradiation • I 5 Py / 85 thermal stimulation, 
first three are of established valii i C T ctrical simulation, only the 
addition, the importance nf .1 e lQ the treatment of fractures. In 


, W1 acvatirm * ^ treatme ut of fractures. 1 

physical therapy should be mentin*J5 Plural treatment as an aid to 
heat and cold. The latter Is used ^h^mal stimulation includes 
occasionally to check swelling U nH^ r ^?! Iy ’ bat ^7 he employed 
same action whether obtained bv w Rpcciad conditions. Heat has the 
aot compresses, heating pads, radiant 
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lamps, diathermy or hot baths. It Is soothing and relieves pain. It also 
brings about a vascular flushing of the part that may be of benefit as 
a pr elimin ary to massage and movement. The use of heat Is some- 
times indicated in the early stage of fracture treatment to stimulate 
the circulation of an extremity when It is gravely embarrassed as the 
result of extensive Injury and swelling. 

Massage, of the light stroking variety described by Lucas -Champion- 
nitre, is of great value in the early acute stage of a fracture and prob- 
ably produces its effects reflexly through the nerves. It relieves pain 
and muscle spasm and has a direct effect in stimulating the circulation 
and overcoming vasomotor paralysis. In the later stage of fracture 
treatment, deep stroking massage and kneading, provided that they are 
painless, are useful for their mechanical action in getting rid of edema 
and improving nutrition. Movement is the complement of massage, and 
massage is almost a waste of time In the treatment of fractures unless 
supplemented by motion. In the early stage the movement should be of 
the passive type with the patient’s muscles completely relaxed. Any 
active muscle contraction would cause movement at the seat of fracture 
and result in spasm and pain. Passive movement stimulates the cir- 
culation, prevents adhesions and contraction of the muscles, and 
maintains Joint flexibility. In proportion as consolidation of the frac- 
ture proceeds, the character of the movement is changed from passive 
to active motion through the gradation of assisted movement. After 
union has become firm, chief reliance must be placed in active use 
and exercises performed by the patient At this time occupational 
therapy offers a means of breaking the monotony of exercises by 
adding the interest and stimulus of performing a useful task. 

Ultraviolet irradiation is not known to have any specific effect on 
fractures beyond Its general action of stimulating caldum metabolism 
in the body. In conditions of disturbed caltinm metabolism this action 
may be desirable, but its use should be reserved for this. Electricity In 
its various forms seems only to offer other means of obtaining the 
same effects as can be brought about by the use of heat, massage and 
movement. Diathermy has not been shown to have any specific action 
other than that of supplying heat centrally In the tissues. It Is subject 
to great errors unless managed by a highly skilled person. A stimulat- 
ing effect upon delayed consolidation has been claimed for It but has 
not yet been proved. The static brush provide* the equivalent of light 
stroking massage. The various forms of electrical stimulation of muscle 
contraction by galvanic, faradlc and sinusoidal currents undoubtedly 
may be of service under certain indications, but must be managed with 
great skill, and at best their use Is likely to be dangerous. In addition 
the machines are costly, not easily transportable to the patient’s bed- 
side and not infrequently produce unpleasant psychologic reactions 
objections which seriously limit their use in the treatment of fractures’ 
The Morton Smart 31 machine, which produces a completely controlled 
high-frequency current of a surging type, seems to be one of the best 
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for obtaining graduated muscle contraction and rotation, but lb ptee 
In fracture treatment at present Is sub jHdtcc. o- 

Physical therapy bas always been subject to criticism beca 
Jail body oi scienUfic knowledge underlying the 
^enci«, Ind because o! Its claims oi therapeutic act tote** 
*era existed no real proof. Unfortunately much o . 
justified. Mechanical development has temporarily outran w« 

study, With the result that a lot of different electrical mactootoe 

been produced for which every bcncfidal tterapeuti^ect^ 
that can be supported by enthusiasm or high-powered sm 
It Is therefore Important to differentiate between the , irt 

based on long clinical experience and observation and tnw ^ 
not- Massage and mobilization, while lacking the c^P . , 
explanation of their mode of action that at present is desi * , 
behind them a mass of clinical experiences which began 
and which collectively constitutes valid evidence of that * 

It Is the same kind of evidence as that which led to the dtSOT 
recognition of the therapeutic value of mercury and poh * 15 , - 

in syphilis, of quinine in malaria, or Iron In anemia, and o . 
oil In rickets many years before scientific data had been fld ^ 
prove their value. The actions of the various agencies o p») 
therapy are susceptible of experimental Investigation, and “ 
hoped that investigators will be stimulated to cultivate this tree 
untilled soil. Until the results of such Investigations are 
we will do well to confine our use of physical therapy, tspco^^ ^ 
treatment of fractures, to those agencies which have stood the 
prolonged clinical experience. , 

The age of the patient has considerable bearing upon the ne« 
physical therapy. In children not only does consolidation 01 
fracture occur more rapidly, but the effects of the traumatic ^ 

upon the soft parts are also more quickly overcome. The natural aa-p 
jty of children and their love of piny quickly restores function, aao ‘ 
is more often necessary to bold them back than to push them forwarcu 
Consequently, physical therapy is unnecessary and usually but a 
of time In children below the age of fifteen years. Beyond this *£?■_. *3 
reactions to trauma are of the adult type, and physical therapy sll£ *S 
be employed. Conditions for overcoming the effects of Injury ano 
restoring function become less favorable with Increasing years unto 
In old age they become definitely adverse. The less favorable the *5* 
of the tissues, the greater is the need for early physical therapy- 
most fertile field for physical therapy In fractures Is found In ta* 
middle-age period. Not only is this the period when bony Injuries V* 
common owing to the greater exposure to trauma, but it it also t toe 
period of active wage earning when the Individual can least an*** 
unnecessary' lost of time. Functional disability must be shortened ano 
permanent crippling avoided by’ the use of every therapeutic resource- 
The type of fracture and its location are the most Important factors 
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In determining whether or not physical therapy can be employed fn 
the early stage. In the case of a loose displaced fracture, all depends 
upon the security of the reduction. Rather than to incur the risk of 
secondary displacement, It is better to postpone the use of physical 
therapy until consolidation is well advanced. Fractures of the shafts 
of long bones are particularly dangerous in this respect, and early 
massage and mobilisation can be employed only In a limited way, 
chiefly after open reduction and internal fixation or in conjunction with 
skeletal traction and suspension. On the other hand, in the case of 
fractures of cancellous bone, conditions are much more favorable for 
the early use of massage and mobilization since there is much less 
risk of displacement, and union tends to occur rapidly on account of 
the abundant blood supply. Tlius the most spectacular results are 
achieved In fractures of the lower end of the radius and the upper end 
of the humerus. In fractures of the lower end of the humerus, a good 
deal depends upon the individual type of fracture and its stability after 
reduction; some can be treated early and others cannot. Early physical 
therapy can be employed with great advantage In certain fracture* of 
the knee and ankle, but subject to the limitations Imposed by the 
Individual case and the danger of losing the alignment In fractures of 
the hip and wrist, especially of the carpal scaphoid, physical therapy 
is absolutely contraindicated except In the late stage because of the 
danger of nonunion. 


Undisplaced Fractures 

Fractures without displacement constitute a large and Important 
group of Injuries whose number is constantly growing larger as the 
practice spreads of making roentgenologic examinations in all cases of 
injury, Irrespective of whether fracture is suspected or not. They in- 
clude incomplete and fissured fractures, subperiosteal fractures, green- 
stick fractures, impacted fractures and many of the comminuted frac- 
tures in cancellous bone. Strictly speaking they are not altogether 
fractures without displacement, as deformity of greater or lesser degree 
may be present In certain impacted or greenstlck fracture*, but they 
represent cases In which the deformity is either not of a disabling 
character or in which, because of the nature of the fracture or the 
condition of the patient, there is more advantage In leaving the de- 
formity than in attempting to correct iL The latter applies particularly 
to the comminuted fractures of the upper end of the humerus and to 
the impacted fractures of the neck of the femur in aged Individuals. 
In the first, correction of the deformity necessitates fixation of the 
sbouldeT and Tesults In stiffness, some of which may prove permanent' 
while, on the other hand, immediate treatment by massage and move- 
ment yields such good results even in the presence of considerable de- 
formity that the latter plan may have the preference. In the ca«e of 
impacted fracture* of the hip- which are of rarer occurrence than 
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generally believed — correction of the defomilty means breaking op 
the impaction and Incurring the risk of nonunion, In addition to the 
disadvantages of prolonged treatment in a plaster splca. In compari- 
son with this, the treatment of the impacted fracture fa so much shapkr 
and safer that the deformity must be great Indeed to Justify taking 
the risks of the alternative course. Lucas-Champlonniire 51 used to say 
that impaction represented the first stage of fracture repah abrady 
completed, and even went so far ns to ndvisc against dfaturbtog ufo 
Colles’ fracture except In extreme Instances. While I cannot subscribe 
to this extreme view, I do feel that there Is every advantage in preserv- 
ing impaction when there fa no great deformity. 

The treatment of undisplaced fractures affords a relatively shnp* 
problem, both because of the lack of necessity of reduction and the 
ease of maintaining alignment. When a fracture has withstoodtbe 
primary trauma without displacement, there fa little danger of second- 
ary displacement, and all that fa required In the way of 
light protective splinting of an easily removable type or traction- 
suspension to counteract the weight of the extremity. This group 1 oi 
fractures offers an ideal opportunity for treatment from the begin- 
ning by physical therapy. Superficial stroking massage and passive 
assisted motion may be begun at once without the slightest danger. 
Rational use of these measures combined with rest and elevation : 
restore the circulation, maintain the suppleness of the muscles and the 
flexibility of the joints, and promote early recovery. It cannot be 
emphasised too strongly that complete and prolonged Immobtotfcn 
of such fractures represents a surgical crime. 


Summary or Fracture Treatment 

Rapid functional recovery from a fracture depends not upon em- 
phasizing any one particular method of treatment, but upon attempt- 
ing to apply m the proportions adapted to the needs of the individual 
case the three cardinal principles of fracture treatment: early reduc- 
tion, maintenance of alignment and institution of therapeutic measures 
to promote the return of power and function. While wide latitude fa 
permitted in the details of treatment, and different surgeons may 
ad<yt widely different methods to attain the same end, the principles 
underlying the treatment should remain the same The goal of func- 
tional recovery should be constantly visualized, and the obstacles to 
be overcome in achieving this objective should be foreseen In eacb 
case and the treatment planned accordingly. Physical therapy repre- 
this goal, of value when it can be 
^ ^ l ^dary importance when other con- 

siderations are more Imperious. The inability to employ physical 
** attenUon *0 <^er dS ^treat- 
ment, and particularly by the use of every method that tends to 
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promote early activity and to shorten and render less continuous the 
period of immobilization. 

The following represents a recapitulation of the more Important 
points of treatment that have been mentioned in the preceding sections: 


1. Splint ah fractures at the place of the accident in order to pre- 
vent the additional pain, displacement and soft-part injury that 
will otherwise result during the transportation of the patient to 
the hospital or home. 

2. Seek to obtain complete reduction of the fracture at the earliest 
possible moment after the injury by the use of that method, 
whether of the closed or open type, which offers the greatest 
chance of success with the avoidance of unnecessary and addi- 
tional trauma by repeated efforts at redaction. 

3. Try to splint the part In such a way that the greatest amount 
of use will be permitted without jeopardising the position of the 
fragments. 

4. Immobilize as few articulations as necessary to preserve the 
alignment and to provide favorable conditions for healing. 

5. In so far as the requirements of the individual fracture permit, 
immobilize the joints In the positions most favorable for the 
rapid recovery of function. Thus the wrist should be fixed when 
possible In a position of dorsiflexfon, the elbow in a position of 
flexion, and the ankle Joint in a position of right-angle flexion. 
In these positions the action of gravity favors the return of 
motion, and any stiffness that may result will be less likely to 
cause disability. 

6. Urge active motion and use of the adjacent and unimmobflixed 
joints from the very beginning. Thus In the case of injuries of 
the upper extremities, the fingers and hand should be left free 


whenever possible and their use encouraged. When the shoulder 
joint is not fixed, regular exerdscs should be instituted to pre- 
vent contractures and loss of strength. In the case of the brr r 
extremity, likewise, movement should be encouraged of aS nr 
unimmobflized joints, even if only of the toes. It sbotrif 5 n 
remembered that the muscles activating these structures son 
considerable distances and olten arise in the region of tmr - 
Their contraction and use will be of great aid in getting eSf nt 
edema and exudate and in maintaining norma] nutrition 

7. Avoid the dependent position, and employ elevation of the imr 
whenever nectary fa order to reduce swelling and provifr'loS 
a SSL“T," faTOraiI ' “ P 0 *®' nj rircuXT 

period as possible to ? ** 

often be found pos*IbV to t ft ^ 

1 Ul - ro ..**-1 nsr jr- esnne «/( « (Hlk/ 
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generally believed -correction of the deformity means breaking op 
the impaction and incurring the risk of nonunion, in addition to the 
,°* Prolonged treatment in a plaster spica. In compari- 
son with this, the treatment of the impacted fracture is so much ifopJet 
and safer that the deformity must be great indeed to justify taking 
the risks of the alternative course. Lucas-Championniire J * used to 
that impaction represented the first stage of fracture repair already 
completed, and even went so far as to advise against disturbing it fa 
Colles fracture except in extreme instances. While I cannot subscribe 
to this extreme '.dew, I do feel that there is every advantage In preserv- 
ing impaction when there is no great deformity. 

« JiSLr uS??* °* un( ^P^cd fractures affords a relatively simple 
P™ 1 ™’ bo * because °< the lack of necessity of reduction end the 
care of maintaining alignment. When a fracture has withstood the 
, witho , ut displacement, there Is little danger of recoad- 
sfe*, “d all that is required In the way of tottai H 
® P , . w splinting of an easily removable type or traetkev- 

thc Wlght of the “tremity. This group of 
rScb^W^i £ dcal SPPorturtty for treatment from the begin* 
assisted ^motion Superficial stroking massage and passive sad 

jKSl^SS T Y k ^ * l “« without the slightest ttager. 
resto^ttedm.wf* "" a f ura combined with rest and elevation mH 

flexibility iX'J n * in ? <n <ht 5 ' , PP lcness of tJle mu5cta £ 

emnhaslred inn .1 *?’ i J n<i P™® 01 ' early recovery. It cannot be 

of such fracture* repr^tu a ^S^rtae. Pro,OT8td 
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phastring any'one'nartSu 17 f r °iT' a frsct “re depends not upon effl- 
i P n7nwrinX‘^£ m mt ^ 0d 5 treatment/but upon attempt- 
ed dThree Ja^SSSiST? * »* needs of the indlvMnl 
tion, maintenance of alignment 1 treatment: early reduc- 

to promote the return „ d „j M f UtuU , C ’ t ' o( therapeutic measure 

permitted In the details nf treeref Unction. While wide latitude h 

adopt widely different methods dUte >' CTt surgeons nay 

underlying the treatment should .*?* umK end ’ the P^P 10 

tlonal recovery should be canit.1?*; ^e same. The goal of louc- 
he overcome In achieving this t ^hul+f^ Ufl '' Ie d. and the obstacle to 
case and the treatment planned arc-naj^jf 101 ^ ** toxeaeen in rath 
sents only one means of attaining thf. , ' P^ 011 therapy rrpte- 
can led out in an ideal way, of seconrim^ • ’ °* va ^ ue w hen it can be 
sidcratlons are more fmpericn^TvfT u ?^? ortance when other con- 
therapy may be counterbalanced bv to “trploy physical 

ment, and particularly by the use nf Ucm 10 °ther details of treat- 
ol every method that tends to 
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Technic or Physical Therapy in Fractures 

Massage. — Of the various types of massage that have been de- 
scribed by different teachers and writere, there are only three that are 
of value in the treatment of fractures. These are superficial stroking, 
effleurage and kneading. The other forms of massage, such as friction, 
petrissage and the different percussion movements or tapotement, are 
far too vigorous to be tolerated in a recent fracture and even in the 
convalescent stage accomplish nothing but harm. Indeed it has always 
been a criti cism of massage as performed by the average tec hni cia n in 
the treatment of injury that it is too strenuous and does harm rather 
than good. All too frequently it has been the aim to give the patient all 
he could stand, an objective inspired in part by the desire of the pa- 
tient to be sure and get his money’s worth, and in part by the lack of 
specific instructions as to what was wanted from the doctor. Vigorous 
massage of an injured part Is given under a complete misapprehension 
of the goal that is sought, namely, to secure muscular relaxation and to 
benefit the circulation. Pain is always to be regarded as the warning 
signal, and massage that is painful is also harmful 


Early Massage or a Recent Fracture. — Massage of the peculiar 
superficial stroking type advocated by Lucas-Champlonnitre 1 and his 
pupils is employed for the treatment of fresh fractures to relieve pain, 
secure muscular relaxation, overcome swelling and to benefit the cir- 
culation. As has been said before, it precedes and paves the way for 
mobilization. Its application is necessarily limited by the location and 
type of the fracture. To produce its full effects, the entire surface of 


the limb should be exposed to treatment. When dealing with loose, 
displaced fractures, this cannot be done without jeopardizing the 
reduced position of the fragment Such fractures, if they are to be 
treated at all, must be treated over the small area that can be exposed 
by local adjustment of the splint In some instances when the injured 
part is fixed by anteroposterior or lateral splints, one splint may be 
removed and the part supported on the other splint while the exposed 
surface is treated. This splint Is then replaced, the position reversed 
nt>d the other splint removed for treatment The types of bony injury 
ideaDy suited for early massage and mobDixation are the incomplete, 
impacted or undisplaced fractures. Because of the little tendency to' 
displacement of such fractures, it is possible to remove the splints with 
safety and to support the part by cushions In a manner to permit 
complete treatment. In any case, regardless of the type of fracture 
it Is Important that the part shall be completely supported In order to 
obtain the utmost of muscular relaxation before proceeding with the 
massage. Generally It is more difficult for n patient with a sensitive 
extremity to relax when sitting than when lying, and for this reason 
the recumbent position is usually to be preferred. The position of 
the Joints should be semi flexed by the adjustment of pOIows or 
cushions to insure the utmost comfort and relaxation. 
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of the plaster, as, for example, over the dorsum of the foot to 
permit a little movement of the anlde. When molded plaster or 
other splints arc used, os In fractures of the lower end of the 
radius, or in the region of the elbow, make a point of removing 
the splints temporarily for massage and mobilization treatment, 
beginning a few days after injury. 

9. When a fracture is treated by continuous traction, the extremity 
should be suspended and counterpoised In order to permit bs 
much movement as possible of the proximal articulation while it 
the same time increasing the efficiency of the apparatus and pro- 
moting the patient’s comfort. When skeletal traction Is used, id- 
vantage should be taken of It to mobilize regularly, when pos- 
sible, the joint distal to the point of Insertion of the pin, wire 
or tongs. Thus, for example, in the ra se of a fracture of the shaft 
0 the femur with traction by KIrschner’s wire through the 
femoral condyles, it Is often possible to begin partial mobflin- 
uon of the knee Joint within two weeks of the time of injury- 
°f fractures of the upper end of the humerus that 


10. 


11. 


12. 


all such fractures from the°v^ ^ f™pl°yed in practically 
prolonged immoblliiatJon of y^^g- Continuous and 
disability as the injury WlF _ fracture, causes as much 
“ d 1* avoided at all costs. 


wi.cu iu iracuon-suapenaion, it is often possible to suspend 
tneforearm separately and to permit a little movement of ti* 
elbow and of the shoulder. 

convalescent stage of treatment Is reached, substitute 
X for «™plctely immobilhdng splints wben- 

actlvlties^ Ti?’.h^ U5 a greater range of functiaul 

anolhmce. of tie *°wer eitremity, weight-bearing 

ter cesium fitt.wf 5 JFv 0ma3 caliper braces or close-fitting pl*»- 
whenever mmiM '7* ,teel wa 'klng stirrups should be used 
^^possible to counteract atrophy Tnd stimulate Ik 

"nd^Stie'paS moTu^"! malnI y o[ Ught Poking 

Without jeopardising ta f ^ministered when posgk 

two weeks of inhm? oI S* ^S" 1 ™* 3 , In the to* 

prove the drculittoi^ t ^™, r 1 ! i ?° I P tlon o[ mudate and to to- 
the period of consoUdati^i* 1 ^ contlnni!d regularly throe# 
proportion to thTadTruS. gradually its character fa 

vatescent stage, actire^H ~ f “f 113 fo ™ation. In the con- 
the main function of physiol ^ "* are of chief value, and 
Fractures without dlsD^iSn. rapy “^onld be educational 
secondary displacement an H 11,5 to little risk of 

ing of an easily removable 0017 lifiht Protective splint- 

Massage and mobfllrnfirm .v traction and suspension. 
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Massage in the Later Treatment or Fracture. — -Massage 
should never be more than of the light stroking type during the active 
phase of fracture treatment. Only when union Is solid enough to permit 
the temporary or complete removal of the splint should any deeper 
pressure be permitted. Then deep stroking massage or effleurage sup- 
plemented occasionally by kneading may be employed for their me- 
chanical effect in helping to drain the clogged lymphatics and to empty 
surplus fluid from the tissue spaces. Since its action is mechanical In- 
stead of reflex, effleurage should be administered only in the centripetal 
direction and always in the manner advocated by Wharton Hood 53 of 
beginning by massaging the tissues of the proximal portion of the ex- 
tremity and emptying these, then proceeding a little dis tally and work- 
ing back again over the proximal region, and repeating this maneuver 
as many times as necessary until the entire extremity has been treated. 
This procedure Is based on the principle that the proximal lymphatic 
and venous circulation must be stimulated and the channels cleared 
before the fluid can be removed from the distal part with success. 

While effleurage is classed as deep stroking massage and requires 
deep pressure, this does not mean hard or forcible pressure. The main 
requirement in order to administer effleurage properly is muscular re- 
laxation. As long as the muscles are hard aixi contracted, even the 
most vigorous pressure would scarcely be able to produce any deep 
effect. On the other hand, with muscular relaxation the tissues trans- 
mit gentle, even pressure to the depths just as if they were a fluid 
medium. Light superficial stroking should always be employed to relax 
the muscles before proceeding with deep stroking, and even after this 
has been begun, when certain regions are found to be hard instead of 
soft, then one should return to the superficial stroking until these 
muscles have relaxed. Effleurage is intended to old In the restoration 
of vasomotor tone and to assist fn moving venous blood and lymph, 
thereby Improving the nutrition of the tissues and promoting the elimi- 
nation of waste products. 

Massage of a kneading type may be used sometimes to supplement 
deep stroking movements when nontender fibrotic thickenings are 
encountered that do not respond to the latter. It is more often needed 
when dealing with an indurated scar in the muscles resulting from 
extensive soft tissue damage. It ought to be used only when com- 
plete union has been obtained, and never when its administration Is 
attended by the slightest pain. There seems to be no place in fracture 
treatment for the use of the deeper movements of massage such as 
friction, petrissage or any of the percussion movements such as tapote- 
ment, hacking, clapping, beating, vibrating or shaking. The value of 
these movements is debatable under almost any conditions, and they 
certainly have no place in the therapy of injuries. 


Mobiliration.— Nothing is so important 
function after a fracture. It represents the 


as movement for restoring 
very essence of function, 
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Superficial stroking is the only type of massage that should be em- 
ployed in the early treatment of fractures. Its practice can only be 
perfected by actual experience. The movements must be ilow, gentle 
and rhythmical, and made with the flat of the fingers, the band being 
relaxed bo as to adapt and mold itself to the part The stroke should 
cover as large n part of the limb as possible, but should avoid the 
region immediately overlying the fracture until this ceases to be 
painful. In the case of the upper extremity the stroke should Lndixie 
the whole area from the hand to the shoulder, and In other regions 
It should be equally extensive. The contact with the skin should be so 
gentle that the patient scarcely feels the touch. Lucas-Chappkmaiir? 
likened it to 'Tittle more than a car ess .” It should be performed in ooe 
direction only, and as it Is employed chiefly for its reflex action, it 
matters little whether the direction is centrifugal or centripetal. Tbe 
rhythm should be slow and even, and the same when the hand is return- 
ing through the air as when In contact with the skin. As lubricants I 
usually employ alcohol and talcum powder, but if the effect of these 
upon the skin becomes too drying it may be necessary to substitute 
olive oil 


The whole purpose of massage treatment in a recent fracture is to 
produce reflex effect, and the benefits that are obtained can scarcely 
be explained upon any other basis. The stroke Is too light and geode 
to have any mechanical action upon the edema and swelling- Further- 
more, when tbe extent and degree of the swelling In a recent fracture 
are considered, It Is evident that vascular dilatation or relaxation pl*F 
a large rflle in its causation. Vascular tone is maintained normally by 
the vasomotor nerves, and it is not unreasonable to suppose that to 
a state of vasomotor paralysis this nervous mechanism may be to* 
fluenced by surface stimulation. I acas-ChampionnJfcrc attributed the 
relief of pain In part to exhaustion of the sensory nerve ending by 
the repeated surface stroking, and this is as good an explanation ot 
this part of Its as any that have been suggested. The benefits 
the massage, when properly performed, manifest themselves by rebel 
rdaxation of muscle spasm. After relaxation has been 
obtained, then gentle movements of the passive type may be made. 
Even a small amount of motion in the beginning is beneficial, and later 
tblscAiigiaduaUy be increased. It Is always a matter for astonish®® 1 
500 thing effect of massage in a recently injured ertnffi- 
<md mo ™' m l be permitted that formerly 

was completely prohibited. 

th^tfen'ThJ f 8 ®? ° f fracturl! trratment it is important not to lire 
” ,0 5L^ a ‘ , «nt. The stances should be short, 

**! hren ‘y minutes, and the treatments should be 
£hh s^SaTstjlv^" d t y3 ' ^ * hot " d alwB >' 3 begin end 

«s^ssr kB of ** jdnt5 ^ 
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Massage in the Lateh Treatment of Fracture. — Massage 
should never be more than of the light stroking type during the active 
phase of fracture treatment. Only when union is solid enough to permit 
the temporary or complete removal of the splint should any deeper 
pressure be permitted. Then deep stroking massage or effleurage sup- 
plemented occasionally by kneading may be employed for their me- 
chanical effect in helping to drain the clogged lymphatics and to empty 
surplus fluid from the tissue spaces. Since its action is mechanical In- 
stead of reflex, effleurage should be administered only in the centripetal 
direction and always in the manner advocated by Wharton Hood 33 of 
beginning by massaging the tissues of the proximal portion of the ex- 
tremity and emptying these, then proceeding a little dis tally and work- 
ing back again over the proximal region, and repeating this maneuver 
as many times as necessary until the entire extremity has been treated. 
Tills procedure is based on the principle that the proximal lymphatic 
and venous circulation must be stimulated and the channels cleared 
before the fluid can be removed from the distal part with success. 

While effleurage is classed as deep stroking massage and requires 
deep pressure, this does not mean hard or forcible pressure. The main 
requirement in order to administer effleurage properly is muscular re- 
laxation. As long as the muscles are hard and contracted, even the 
most vigorous pressure would scarcely be able to produce any deep 
effect On the other hand, with muscular relaxation the tissues trans- 
mit gentle, even pressure to the depths just as if they were a fluid 
medium. Light superficial stroking should always be employed to relax 
the muscles before proceeding with deep stroking, and even after this 
has been begun, when certain regions are found to be hard Instead of 
soft, then one should return to the superficial stroking until these 
muscles have relaxed. Effleurage is intended to aid in the restoration 
of vasomotor tone and to assist in moving venous blood and lymph, 
thereby improving the nutrition of the tissues and promoting the elimi- 
nation of waste products. 

Massage of a kneading type may be used sometimes to supplement 
deep stroking movements when nontender fibrotic thickenings are 
encountered that do not respond to the latter. It is more often needed 
when de alin g with an indurated scar in the muscles resulting from 
extensive soft tissue damage. It ought to be used only when com- 
plete union has been obtained, and never when its administration is 
attended by the slightest pain. There seems to be no place in fracture 
treatment for the use of the deeper movements of massage such as 
friction, petrissage or any of the percussion movements such as tapote- 
ment, hacking, clapping, beating, vibrating or shaking. The value of 
these movements Is debatable under almost any conditions and they 
certainly have no place in the therapy of injuries. ' 3 


Mobilisation.-— Nothing Is so important as movement for restoring 
function after a fracture. It represent the vary evcnce of function 
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Superficial stroking fa the only type of massage that should be em- 
ployed in the early treatment of fractures. Its practice can only be 
perfected by actual experience. The movements must be slow, 
and rhythmical, and made with the flat of the fingers, the hand 
relaxed so as to adapt and mold itself to the part. The s |roXe snow 
cover as large a part of the limb as possible, but shoald S' 
region Immediately overlying the fracture until this 
painful. In the case of the upper extremity the stroke sbouw mmroc 
the whole area from the hand to the shoulder, and in 
It should be equally extensive. The contact with the skin sbould^^^ 
gentle that the patient scarcely feels the touch. Lucas-Champtoa*^ 
likened it to ‘Tittle more than a caress.” It should be performed 
direction only, and as it fa employed chiefly for its reflex non > 
matters little whether the direction is centrifugal or 
rhythm should be slow nnd even, and the same when the band *V . t 
log through the air os when In contact with the skin. As i hufflijUi 
usually employ alcohol and talcum powder, but if the effect oi 
upon the akin becomes too drying it may be necessary to budsu 
olive oil. 

The whole purpose of massage treatment In a recent fracture 
produce reflex effect, and the benefits that are obtained can warccy 
be explained upon any other basis. The stroke fa too light gen 
to have any mechanical action upon the edema and swelling. 
more, when the extent and degree of the swelling In a recent 
are considered, it fa evident that vascular dilatation or relaxation 
a large rfile in its causation. Vascular tone fa maintained nonnauy 
the vasomotor nerves, and it fa not unreasonable to suppose mat 
a state of vasomotor paralysis this nervous mechanism may be £ 
fluenced by surface stimulation. I □cas-Championniire attributed u* 
relief of pain in part to exhaustion of the sensory nerve ending 
the repeated surface stroking, and this fa as good an explanation oj 
this part of Its action ns any that have been suggested. The benefits 
the massage, when properly performed, manifest themselves by 
of pain and relaxation of muscle spasm. After relaxation has w** 
obtained, then gentle movements of the passive type may be made. 
Even a small amount of motion in the beginning fa beneficial, and later 
this can gradually be increased. It fa always a matter for astonishment 
to witness the soothing effect of massage In a recently injured extr«n- 
ity, to see the muscles relax and movement be permitted that formerly 
was completely prohibited. 

In the early stage of fracture treatment it fa Important not to tire 
the patient by too long treatment The stances should be short, not 
exceeding fifteen to twenty mlnutra, Md ^ treatment® should be 
riven daily or on alternate days They should always begin and end 
vrith superficial stroking, moMkatlon of the joints brinTgiven be- 
tween the two periods of massage. 
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fracture instead of at the articulation; that it serves as an excuse for 
physicians to manipulate joints violently in pump-handle fashion, of 
which the harmful results have been frequently seen; and that the 
goal that is aimed at by passive motion can be obtained with much 
greater benefit to the patient from the use of active motion- Such 
criticisms are made without knowledge of what passive movement is 
or of what it is intended to accomplish. I do not dispute the greater 
value of active movements when they can be performed, but I know 
that passive motion can be employed in patients with fractures when 
active motion would only be harmful. Passive motion is not advocated 
as a substitute for active movement, but only with the aim of getting 
movement started as early as possible, and of employing it to lead up to 
active movement just as massage leads up to passive motion. The 
criticism that passive motion is resisted by the patient's masdes is 
made without proper understanding of the fact that passive motion is 
employed only with the patient's muscles completely relaxed. Passive 
motion that Is resisted by the patient is no longer passive motion, but 
resisted movement; and the physiotherapist who cannot distinguish 
between these two types of movement Is not worthy of the name. Mr. 
Mennell of London * has suggested that the name relaxed motion be 
substituted for the term pas the motion in order to promote better 
understanding of what It really Is, and this change appears advan- 
tageous, Passive motion is undoubtedly subject to abuse just as are 
most procedures of medidne and surgery, but the remedy is proper 
Instruction rather than complete abandonment of the method. 

Relaxed Motion - — Relaxed motion is employed In the treatment of 
fractures as the first effort at mobilization. In certain types of frac- 
tures that are attended by little danger of displacement of the frag- 
ments, It may be employed in conjunction with light stroking massage 
beginning immediately after injury. In other cases where the risk of 
displacement is greater, its use must be postponed until consolidation 
is sufficiently advanced to obviate this risk. It may be used frequently 
at an early period In conjunction with the traction-suspension treat- 
ment of fractures. As has been explained previously, it requires com- 
plete muscular relaxation on the part of the patient, and this Is best 
induced by a preliminary treatment of light stroking massage lasting 
from ten to fifteen minutes. Relaxation can only be obtained when all 
of the preliminary treatment leading up to mobilization, including the 
removal of the splint, the handling of the limb and the massage, has 
been characterized by extreme gentleness. Never even for a moment 
should there be the slightest Interruption of the physical therapist’s 
constant vigilance to avoid pain. The slightest sensation of pain will 
cause the patient’s muscles to tighten and defeat the purpose of the 
treatment. 


The treatment should be given with the patient sitting or recum- 
bent, and With the part arranged in a position which permits reiteration 
and allows the physiotherapist to reach it in the most convenient 
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and to gain motion Mho goal of all for™ 
ration Is the rahon d’etre of massage in the 

bone, and massage without movement i ’ nll "® 5t a Ucc- 

“Movement Is Ufe" was the maiim of Aristotle ,St7 there b r» 
Champtonnttre, and In the case of an ln rtlmSria the 
doubt that movement Is the menu ° f J“ torin A „ thcr nroducts ol la- 
circulation, aids In the absorption of edema and .other p fttcl 

flnmmation, restores the flexibility of the J oints > neterralnstl® 
adhesions, overcomes atrophy and restores jXfcftbat . 

and persistence on the part of the patient m aagt***^ of 
have been immobilized will restore function a”cr — . however, 
fractures, even In the absence of medical su^rvWon ^^^ , j*ets- 
la the harder and longer way, and few !ndivi ^^ t Kjby the slower 
aary fortitude or can afford the loss of time necwsH^,^ m£JV( l incn t 
method of progress. In order to obtain the an d with 

should be employed scientifically from the yexy bje^nii 8^^ 
due regard for the pathologic physiology of tte tojured 
and when used in this way it afTords the means of shorte g 
of convalescence and of improving the functional result. 

A great deal could be written on the subject of r nove ™^" ’ oppose 
has been considered in detail elsewhere In this work, and the 

la merely to review the different forms of movement in re 
treatment of fractures. Movement may be divided into two ^ 
active and passive. Under passive motion are to be considered ^ 

motion and forced motion. Under active motion are includes ^ 

divisions, muscle setting, free motion, assisted motion ana 
exercises. 

Passive Motion. — Before considering the use of passive 
\fiH first be necessary to define what Is meant by this term. ** ^ 

movement is motion that is performed without either activeU^'p^ 
resistance from the patient’s muscles. It requires mental coopera ^ 
on the part of the patient in securing complete muscular relaxa , 
To obtain this cooperation, in the case of a patient with a tract 
extremity, Is an art that requires the maximum of patience and 8*®. 
ness on the part of the physical therapist It Is here that gentle 
ing massage has an important rOle in preparing the way and obtaimns 
relaxation. Extreme gentleness is the smt qua non of success .1 ^ 
slightest jar or sudden movement will cause the patient’s rou scies 
tighten, and harmful resistive motion will be substituted for beiw 
fidal, passive movement 

It Is this feature that accounts for the m repute that has at tWr 
attached to passive motion. There are a number of surgeons who 
am see nothing but danger in the use of passive motion and wh° 
would abandon It altogether for active, voluntary motion. They dflW* 
that even at its best, it is likely to provoke resistance from the 
^tient’s muscles and cause movement to take place at the seat d 
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fracture Instead of at the articulation; that It serves as an excuse for 
physicians to manipulate joints violently in pump-handle fashion, of 
which the harmful results have been frequently seen; and that the 
goal that is aimed at by passive motion can be obtained with much 
greater benefit to the patient from the use of active motion. Such 
criticisms are made without knowledge of what passive movement is 
or of what it is Intended to accomplish. I do not dispute the greater 
value of active movements when they can be performed, but I know 
that passive motion can be employed In patients with fractures when 
active motion would only be harmful. Passive motion Is not advocated 
as a substitute for active movement, but only with the aim of getting 
movement started as early as possible, and of employing It to lead up to 
active movement just as massage leads up to passive motion. The 
criticism that passive motion is resisted by the patient’s muscles is 
made without proper understanding of the fact that passive motion Is 
employed only with the patient’s muscles completely relaxed. Passive 
motion that is resisted by the patient is no longer passive motion, but 
resisted movement; and the physiotherapist who cannot distinguish 
between these two types of movement is not worthy of the name. Mr. 
Mennell of London 1 has suggested that the name relaxed motion be 
substituted for the term pauhe motion in mder to promote better 
understanding of what it really is, aDd this change appears advan- 
tageous. Passive motion is undoubtedly subject to abuse Just as are 
most procedures of medicine and surgery, but the remedy Is proper 
instruction rather than complete abandonment of the method. 

Relaxed Motion . — Relaxed motion is employed in the treatment of 
fractures as the first effort at mobilization. In certain types of frac- 
tures that are attended by little danger of displacement of the frag- 
ments, it may be employed in conjunction with light stroking massage 
beginning immediately after fnjury. In other cases where the risk of 
displacement Is greater, its use must be postponed until consolidation 
Is sufficiently advanced to obviate this risk. It may be used frequently 
at an early period in conjunction with the traction-suspension treat- 
ment of fractures. As has been explained previously, It requires com- 
plete muscular relaxation on the part of the patient, and this is best 
induced by a preliminary treatment of tight stroking massage lasting 
from ten to fifteen minutes. Relaxation can only be obtained when all 
of the preli min ary treatment leading up to mobilization, including the 
removal of the splint, the handling of the limb and the massage, has 
been characterized by extreme gentleness. Never even for a moment 
should there be the slightest Interruption of the physical therapist’s 
constant vigilance to avoid pain. Tbe slightest sensation of pain will 
cause the patient’s muscles to tighten and defeat the purpose of the 
treatment. 


The treatment should be given with the patient sitting or reenm- 
bent, and wi th the part arranged to a position which permits relaxation 
and ah owi tbe physiotherapist to reach it in the most convenient 
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manner and to work at the utmost mechanical advantage. The patkot 
must at all times have a feeling of complete security. The anxxintoi 
motion to be administered Is to be determined only by actual experi- 
ment. “Little but often” is the best principle. In the begbunog w 
amplitude of the movement is less important than the fact that some 
movement is made. Even a little motion helps the circulation, 
the absorption of exudate and keeps the Joints supple. As the treatment 
proceeds, the range of movement can gradually be increased .lot 
physical therapist’s finger tips must be sensitive to detect the slightest 
sign of muscular resistance, and this is to be interpreted as the 
that the range of motion is ex ceeding the therapeutic limit. PrefertbJT 
the motion should be performed with the Joint semiflexed 
neighboring Joints in the positions that favor the freest motion, as, 
for example, doralflexlon of the wrist for flexion and extension of u* 
fingers, flexion of the elbow for supinatfon of the forearm, new 1 
of the knee for dondflexion of the ankle, etc. Until healing Is 
advanced, the arc of relaxed movement should never exceed 50 to 60 


per cent of the nomal range of joint motion. , 

The whole purpose of relaxed motion Is to get movement 
when it cannot be performed In any other way. As consolidation ol u* 
fracture progresses, relaxed motion should shade off into one of toe 
forms of assisted movement, and finally through this gradation to active 
exercise performed entirely by the patient As soon as movement that 
could at first only be performed passively can be done by actb* 
contraction of the patient’s own muscles, no further reason exists lor 
the use of passive motion, and this should be stopped. 

The movement should be made with the physical therapist support- 
ing the region of the fracture with one hand while supporting the 
weight of the limb with the other. All of the Joints of the injured 
extremity should be moved In every direction of which they are ca- 
pable. In addition, the mobfllxation should extend to certain move- 
ments which are not a part of the regular Joint motions although 
necessary to good function, such as lateral mobilisation of the patej* 
on the trochlea, which frees and relaxes the lateral expansions of the 
capsule and quadriceps muscle, and mobWxation of the heads of the 
metatarsals or roetacarpals both individually and in relation to each 
other, which maintains and restores the normal flexibility of the plantar 
and palmar arches. 

Forced Motion.— TTk only purpose 0 f mentioning the fordble 
variety of passive motion Is to warn against Its use for tie treatm® 11 
of fractures To be of the truly passive lypt forad moUon roM . be 
performed with the [raUen completely anesthetized In order to obtain 

muscular relaxation. This U a dragsrou, proc „, urCi „ ^ r efl« 

Is abolished and tie operator lacks that warning signal to indicate when 
structures are betag faiured. If forcfble rootlorTls made with the 
patient nwnie, It ^resisted by his muscles and quietly degenerates 
into a strength teat between patient and doctor, from which the latter 
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h Likely to emerge the victor at the coat of considerable damage to the 
patient. Manipulators and bone setters have developed a certain skill 
in performing sudden forcible movements when the patient’s muscles 
are off guard, but such manipulations are but rarely indicated after 
fractures and expose the patient to more risk than gain. 

The only purpose of forced movements Is to break up adhesions 
between muscles or to stretch a contracted joint capsule, and such 
conditions are best overcome by active and assisted exercises. The 
use of forcible manipulation after fractures is very likely to result in 
refracture or, falling this, may lead to the rupture of soft tissues with 
hemorrhage and the later development of an ossifying hematoma or 
ossifying myositis, examples of which have been seen ah too frequently 
In the regions of the elbow. Under the best of circumstances, forced 
movements cause tissue damage with resulting pathologic changes that 
delay recovery and prevent the gain of motion, thus defeating the very 
end that is being sought 

Active Mobilisation. — Active motion may be subdivided Into four 
classes or groups: muscle setting, free motion, assisted motion, re- 
sisted motion. 


Muscle Setting. — Musde setting is a muscle exercise rather than 
a motion, as it Is not intended that it should be accompanied by any 
joint movement It consists In teaching the patient actively to contract 
or tense certain muscles or muscle groups without producing movement 
This produces an effect in mai n t a i n i n g the circulation and nervous 
control of the muscles and of counteracting atrophy. This exercise is 
of great value in the treatment of fractures, and since there is no 
accompanying movement, it may be performed from a very early 
period after injury, and even when the part is completely immobilized 
by splints. As the exercise takes very little time and is not attended 
by pain, It may be performed from 75 to 100 times a day divided In 
two or three sessions. 


Muscle setting is of the greatest value In maintaining the tone and 
suppleness of the quadriceps extensor muscles of the thigh, in the case 
of fractures involving the lower extremity. This muscle group deteri- 
orates rapidly with immobilization, and as it plays a vital rflle in con- 
trolling and stabilizing the knee joint, maintenance of its function is of 
great Importance. When quadriceps-muscle setting has beeh employed 
systematically after a fracture of the lower extremity, the musde 
recovers its strength and extensibility more quickly, and the function 
of the knee Joint is also better. Muscle-setting exercises may likewise 
be employed in the case of the deltoid muscle, the flexor muscles of the 
elbow and the extensors of the foot If the leg is incased in plaster 
U« action of the erteruor musde, ran be much augmented by cutting 
out the portion of the splint covering the doreum of the foot and ankle 
so a, to permit a little ankle movement. Some Individuals ars much 
quicker than other. In learning the trick of musde Wting, and much 
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patience and persistence may be required before satisfactory perform- 
ance of the cxerdsc is obtained. The patient should be taught by first 
using the muscles of the uninjured side for demonstration purposes, 
and only when satisfactory control has been acquired here should 
he be permitted to proceed with the exercise on the injured slit 
The normal muscle thus always serves as a check or means of com- 
parison which the patient may use if any doubt exists ns to whether 
he Is performing the exercise properly. 

Free Movement. — One of the fundamental rules of any program 
of muscle training or reeducation Is to avoid fatigue of weak rousdeJ- 
Wben muscle* have been weakened by injury and long fixation, as in 
the case of patients with fractures, it is of the utmost importance to 
see that they are not required to do too much work when active exer- 
cises are first started. Overloading of the muscle must be avoided, f<x 
either the muscle wilt become stretched and not respond satisfactorily, 
or else ft will quickly become fatigued, and In either case no real 
progress will be made toward building up Its strength. For evtry 
movement there are always at least two antagonistic sets of muscles 
to be exercised, namely, the flexor* and the extensors, and ft is 1®" 
P0rt ? n ^ t ? pUm the m that each group gets Its fair share of 

work. Otherwise gravity conspires to assist one of the movements sod 
to resist the other, with the result that one set of muscles does insaffi- 
dent work while the other set does too much work. 

hree motion Is planned to overcome this difficulty. It is movement 
that Is performed entirely by the patient’s own muscles without assist- 
ance or resistance in either flexion or . extension. The Influence of 
gravity upon the movement is eliminated as completely os possible 
by supporting the part on a smooth hard surface In such a position that 
both flexion and ertensioo are performed in a plane horixontal to 

£° ranted fr " Action and extension of the elbow may 

be carried out with the patient sitting and the arm supported at 
)««* 00 “ ,raooth aurfacj such as the top of a table, 
durt^tortara srm shoo,d rat Contact with the surface 

01 «w* exercises may be given 
th^rfHe “f'cjnced aide and the elbow ami fore- 
arm rating on the aide of the chest. Free abduction and adduction of 
the shoulder are best performed irfth ft,- hLi 

back, the elbow flexed TcuS? teenmbent « to 

posterior aurface on a wide bTarHia,, S/J,” it 

vantages of free motion are exemplified In sur/ace. The 

Ptoents who are totally uiSffi; 

Irtich necessitates overcoming t£ wl T 

this movement quite well when recumbent '’r'n'JK^.nd 

extension of the finger, and f“ 

sitting and the hand rating on Its uhm r Ul! '“‘Si 

Fr« movements of the ,ower 
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manner, usually with the patient lying. In the case of the ankle, free 
movement may be obtained with the patient recumbent on his side and 
the lower leg and foot supported by a smoothly polished board on 
either the medial or lateral surfaces. Flexion and extension of the knee 
can be performed with the patient in the same position but with a 
broad board inserted between the legs, the injured extremity resting on 
its medial surface. Free motion of the hip in abduction and adduction 
is possible with the patient lying in a dorsal recumbent position. The 
nearest approximation to free motion of flexion and extension of the hip 
is obtained with the supporting board between the legs, shifted as high 
as possible into the perineum, and the patient lying on the uninjured 
side. 

Free motion has a definite place in the treatment of fractures. It Is 
chiefly indicated when the transition from passive to active move- 
ments Is being made, at the time when healing has progressed to the 
point of consolidation but when the callus is still soft and requires pro- 
tection. The callus should not be subjected to the strain of bearing the 
unsupported weight of the distal part of the extremity, nor Is the mus- 
cular strength sufficient as yet to perform this amount of work. Free 
motion provides support for both segments of the limb, protects the 
fracture, reduces the amount of work to be done by the muscles and at 
the same time permits active, voluntary movement. The technic of free 
motion is individual and fussy, however, and is not likely to be used by 
any except very skilled physical therapists. Practically speaking, exer- 
cises performed In the recumbent position accomplish the purpose of 
free motion, especially when supplemented by a little assisted move- 
ment, the weight of the extremity being supported by the physical 
therapist. 

Assisted Movement. — Assisted movement is the name used to 
designate motion that Is performed by active contraction of the 
patient’s own muscles, but with outside assistance of one kind or 
another. The assistance given may vary, on the one hand, from gentle 
support of the weight of the limb by the physical therapist, with the 
purpose of producing an effect similar to that of free motion, to, on 
the other hand, the application of a considerable amount of force in 
trying to supplement and reenforce the patient’s own muscles In 
forcing a motion to overcome a contracture or to stretch fibrous ad- 
hesions. There is, of course, a great variation between these two 
extremes In the amount of force used, and any Intermediate degree of 
assistance may be given as well. There is one common characteristic 
however, to all degrees and types of assisted motion, namely, that 
the movement is always performed with the assistance of the patient’s 
own muscular efforts; never against it. This distinction is of funda- 
mental significance. If the patient’s muscles oppose Instead of assist 
the movement, then it Is no longer assisted but resisted motion and 
noting but harm can remit Reabtance b likely to be encountered 
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he be permitted to proceed with the too- 

The normal mrnde thus <<]iray» serves as a ^ 

parison -which the patient may U5c U any doubt exists as 
he is performing the exerdse properly. 

Free Movement.— One of the fundamental rules of any 
of muscle training or reeducation Is to avoid fatl^Je 0 Uon H ^ 
When muscles have been weakened by injury and importance to 
the case of patients with fractures, it is of the ut J n< ^* 
see that they are not required to do too much wtwk wuen , {of 
dses are first started. Overloading of the muscle must do .rtotfly, 
either the muscle will become stretched and not respond sa l 

or else it will quickly become fatigued, and in either 
progress will be made toward building up its f mUS d« 

movement there are always at least two antagonistic ^ J? r. to* 
to be exercised, namely, the flexors and the extensors, an ^ 

portant to plan the exercises so that each group gets its w * ^ 

work. Otherwise gravity conspires to assist one of the movem 
to resist the other, with the result that one set of muscles does 
dent work, while the other set does too much work. 

Free motion is planned to overcome this difficulty. It is 
that is performed entirely by the patient's own muscles wittwu^. _ ^ 
ance or resistance In either flexion or . extension. The iatia ?l^ble 
gravity upon the movement is eliminated as completely 
by supporting the part on a smooth bard surface in such a P°s* uo y, l0 
both flexion and extension are performed In a plane 
the earth’s surface, Thus free flexion and extension of the elbow 
be carried out with the patient sitting and the arm supporitfi 
shoulder level on a smooth flat surface such as the top of * 

Both the forearm and upper arm should rest in contact with thesurt*^ 
during all stages of the movements. Or these exercises may be 
with the patient lying on the uninjured side and the elbow and 
arm resting on the side of the chest. Free abduction and adduction w 
the shoulder are beat performed with the patient recumbent on »» 
back, the elbow flexed acutely and the upper arm resting oo u* 
posterior surface on a wide board with a polished surface. The »<** 
vantages of free motion are exemplified in this movement particularly- 
patients who are totally unable to ebduct the shoulder when standing, 
which necessitates overcoming the force of gravity, can often perforin 
this movement quite well when recumbent. Free motion of flexion and 
^tension of the fingers and wrist may be performed with the patig» 
sitting and the hand resting on its ulnar border on the top of a table. 

Free movements of the lower extremity are performed In a similar 
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manner, usually with the patient lying. In the case of the ankle, free 
movement may be obtained with the patient recumbent on his side and 
the lower leg and foot supported by a smoothly polished board on 
either the medial or lateral surfaces. Flexion and extension of the knee 
can be performed with the patient in the same position but with a 
broad board inserted between the legs, the Injured extremity resting on 
its medial surface. Free motion of the hip in abduction and adduction 
Is possible with the patient lying in a dorsal recumbent position. The 
nearest approximation to free motion of flexion and extension of the hip 
is obtained with the supporting board between the legs, shifted as high 
as possible into the perineum, and the patient lying on the uninjured 
side. 

Free motion has a definite place In the treatment of fractures. It Is 
chiefly Indicated when the transition from passive to active move- 
ments is being made, at the time when healing has progressed to the 
point of consolidation but when the callus Is still soft and requires pro- 
tection. The callus should not be subjected to the strain of bearing the 
unsupported weight of the distal part of the extremity, nor is the mus- 
cular strength sufficient as yet to perform this amount of work. Free 
motion provides support for both segments of the limb, protects the 
fracture, reduces the amount of work to be done by the muscles and at 
the same time permits active, voluntary movement The technic of free 
motion is individual and fussy, however, and is not likely to be used by 
any except very skilled physical therapists. Practically speaking, exer- 
cises performed In the recumbent position accomplish the purpose of 
free motion, especially when supplemented by a little assisted move- 
ment, the weight of the extremity being supported by the physical 
therapist 

Assisted Movement.- — Assisted movement is the name used to 
designate motion that Is performed by active contraction of the 
patient's own muscles, but with outside assistance of one kind or 
another. The assistance given may vary, on the one hand, from gentle 
support of the weight of the limb by the physical therapist, with the 
purpose of producing an effect similar to that of free motion, to, on 
the other hand, the application of a considerable amount of force In 
trying to supplement and reenforce the patient’s own muscles In 
forcing a motion to overcome a contracture or to stretch fibrous ad- 
hesions. There Is, of course, a great variation between these two 
extremes in the amount of force used, and any intermediate degree of 
assistance may be given as well. There is one common characteristic, 
however, to all degrees and types of assisted motion, namely, that 
the movement is always performed with the assistance of the patient’s 
own muscular efforts; never against It. This distinction is of funda- 
mental significance. If the patient’s muscles oppose Instead of assist 
the movement, then it is no longer assisted but resisted motion, and 
nothing but harm can resulL Resistance Is likely to be encountered 
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patience and persistence may be required before satisfactory perform- 
ance of the exercise is obtained. The patient should be taught by fint 
using the muscles of the uninjured side for demonstration purpose*, 
and only when satisfactory control has been acquired here sboatt 
be be permitted to proceed with the exercise on tbc injured side. 
The normal muscle thus always serve* as a check or means of a*n- 
parison which the patient may use if any doubt exists as to whether 
he is performing the exercise properly. 


Fcee Movement. — -One of the fundamental rules of any program 
of muscle training or reeducation is to avoid fatigue of weak miodo. 
When muscles have been weakened by Injury and long fixation, as fa 
the case of patients with fractures, it is of the utmost importance to 
see that they are not required to do too much work when active erar- 
cises are first started. Overloading of the muscle must be avoided, fw 
eithCT the muscle will become stretched and not respond satisfactorily, 
or else it will quickly become fatigued, and in either case no rt*l 
progress will be made toward building up Its strength. For every 
movement there are always at least two antagonistic sets of mosdrt 
the fltxm extensors, and it is un- 

’P'™ the «crd«, 50 that each group gets its ink (here of 
e™*!' “aspires to assist one ol the movements iwi 
riJd^rt ' rm CT ’,Z rith v tbe rauU <hat onc “* of muscles does insoffi- 
d r^mniK f d <*» to. much work. 

JhatTrStoS^ planned to overcome thfa difficulty. It is movement 
«« 0^3?,^ en , Ur '_r^ y tte own musdes without as*t; 

“ dtbw or. extension. The influence of 
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when a very considerable ampGtude of movement is present in the 
joist which if both free and painless. The second method of employ- 
ing resisted movement may be used at a much earlier stage in the 
treatment of a fracture, at the time when union is becoming firm and 
it is desired to begin active contraction of the patient’s muscles. It 
rftflir^ the princfple that it is easier for a patient to contract a musde 
a nd resist movement than it is actually to perform the movement. It 
ta bes advantage of the reflex mechanism controlling the action of 
an tag onistic muscle groups when motion is performed. The opposing 
musde contracts only to play out slack as the movement progresses. 
This type of resisted motion helps to reeducate the patients muscle 
sense and to reestablish voluntary muscular control which has been 
lost as the result of injury or of prolonged disuse. 

Resisted exerdses may also be given very usefully with the aid 
of apparatus, the purpose here being to increase the amount of work 
done by certain muscles. While the distinction between assisted and 
resisted motion is a fundamental one and needs to be ma int ained, it 
breaks down and becomes of little practical importance when apparatus 
Is employed. Thus, a patient who practices flexion and extension of 
the elbow with the aid of a pulley exerciser performs resisted move- 
ments In flexion and assisted movements in extension. Similarly, when 
he exercises with a dumb-bell or Indian club, he does resisted work 
when raising the club in the air, and assisted work when the dub is 
descending in the return motion. Riding on a stationary bicyde in- 
volves both resistive and assistive exercise. Actually, this makes little 
difference in the late stages of fracture treatment so long as the fact 
Is recognized and steps are taken to reverse the position and insure 
that the musdes that previously had assisted movement are now given 
resisted movement, while assistance Is given to the musdes that pre- 
viously worked against resistance. 

The Application of Heat — The application of heat Is useful in 
the treatment of fractures under certain conditions, but almost always 
in conjunction with massage and mobilization; alone it has little thera- 
peutic effect. The rationale of the use of beat in nny of its forms Is 
the temporary production of a vascular dilatation in the part and a 
more rapid and abundant drculation of blood. In addition, heat has 
a definite soothing effect upon pain, the mechanism of which is not 
dear. The vascular changes resulting from the application of heat ate 
probably more superficial than deep and also too transient to be able 
to influence the reparative process or to benefit fracture healing. On 
the other hand, the vasodilatation lasts long enough to permit massage 
end mobilization to profit from the greater vascularity in improving 
tissue nutrition and getting rid of the accumulated waste products of 
metabolism. The soothing and relaxing effects of heat are also bene- 
as a pTcbrainajy to massage and mobilization, and their value 
has been established by clinical experience. 
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only when the joint Is sensitive and the movement painful, and incre- 
ment should never be forced under such circumstances. Here, just a 
in the case of relaxed motion, thorough preparation Is necessaty, by 
means of gentle massage to obtain muscular relaxation, and by a 
faultless technic on the part of the physical therapist fn handling the 
limb so as to avoid pain, which inspires confidence in the patient 
Assisted motion may be given by the manual old of the pbys*®* 
therapist, or apparatus may be employed such as the cord, weight tad 
pulley, a rod or dumb^belis. Assisted motion offers great play wr the 
inventive power of the physical therapist. A variety of procedures mqj 
be devised to accomplish a given purpose, and these have to be ada£<w 
to the needs and psychology of the patient Benefit often results frtxn 
teaching the patient to assis t and reenforce his own muscular move- 
ment, Thus he may assist supination of on Injured forearm rotit- 
ing the wrist with the other hand; he may aid flexion of the wp oy 
lying on his back, clasping his flexed knee with both arms and hug&tag 
the hip into extreme flexion; he may aid abduction of the sbonloei 
by grasping the ends of a wooden rod with both hands, the arms being 
by the side, and, by a movement of adduction of the uninjureu 
shoulder, push the Injured arm in the lateral plane away from itw 
body, and he may use the body weight to assist In flexing the 
by standing, holding on to the back of a chair, bending the knee ana 
squatting down as far as possible on the heels. In general, uppa^hn 
is of use only in direct proportion to the intelligence and determinate 
of the patient, and it is preferable whenever possible to devis: 
methods of play or of work that will accomplish the same end and t* 
more valuable because of the added element of Interest The latter 
method has the further advantage of teaching the patient to rely up* 
his own efforts and of stimulating hla own initiative. 

Gentle assisted motion is given in the early stage of fracture treat- 
ment fn order to enable the patient to accomplish more than be could 
otherwise do by his own efforts. In the late stages of fracture treaj- 
ment, strong assisted motion may be employedto overcome muscle 
contractures and scar adhesions in order to increase the amplitude o» 
movement. 


Resbtoj Movtmkmt.— -R esisted exercise, are Intended to bund up 
Stoengti in weak musclea by Increasing the amount of work to be do*- 
They may be performed In one of two ways: either by requiring ft* 
7 hich “ rented manually by tie 
physical therapist, or by the physical therapist mating the joint P«; 
form a movement which ia restated by the patient. The first method 
Is to be employed only in the late stages o! fracture treatment, when 
desftof w !u rt " ngUl b> already bo far developed that 

they should be required t o do m ore work than that represented!* lift- 
ing the weight of th e ex tremity and overcoming gravity It should 
only be used when there is no longer any danger of relracture and 
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during the period of sensitiveness and should be discontinued when 
function begins to return and active use is possible, or at a much earlier 
period If the patient does not seem to be making sufficient effort on his 
own part for progress. 

Continuous baking at a low heat is occasionally indicated in the 
treatment of fresh fractures when the circulation of the extremity is 
imperiled by vascular injury. The vasodilatation may enable enough 
additional blood supply to get through to maintain viability, pendi n g 
the establishment of an adequate collateral circulation. 

Hot Baths. — The warm whirlpool bath Is the only form of hot 
bath that should be used by the physical therapist in the treatment of 
fractures. Its effects are obtained by the combination of heat and 
gentle superficial massage, the latter being provided by the whirling 
currents. Such baths are stimulating to the circulation and are useful 
in improving nutrition and, when combined with active exercises per- 
formed while in the bath, help in overcoming stiffness and in restoring 
function after fractures involving the distal portions of the extremities. 
Obviously they are only indicated when union is sufficiently solid to 
permit the removal of all splints with safety. 

The hot bath or soak is a form of home therapy that is frequently 
prescribed for the general purpose of overcoming sensitiveness and 
encouraging the patient to move the part. Danger lies In the fact that it 
is often overdone, and the prolonged soaking with the part dependent 
favors the accumulation of edema. Contrast bathing with alternate 
soaking In hot water for one to two minutes followed by rapid immer- 
sion under cold, running water is a much more valuable form of home 
therapy, useful because, in the words of Sir Robert Jones,” it provides 
an exerdse for the blood vessels of alternating vasodilatation and vaso- 
constriction and thus stimulates better vasomotor tone and counter- 
acts any tendency for the accumulation of edema. Neither the hot 
nor the contrast bath should be given by the physical therapist, as 
both can be done with equal effectiveness and much greater economy 
at home. 


Diathduty. — Diathermy has never been shown to have any specific 
action beyond that of producing heat centrally in the tissues. Its 
soothing effect upon pain is therefore to be explained as the action of 
heat In contrast, however, with external heat that penetrates only 
Superficially, diathermy may at least in theory be focused so as to 
produce heat at any depth in the tissues. Thus ft is possible to generate 
heat in the region of the fracture, and it appears plausible that the 
resulting hyperemia In and about the callus may be favorable to the 
deposition of calcium salts and hasten consolidation when It is belne 
delayed by other than mechanical causes. Granger 31 has reoorted 
good result! from the UK of diathermy In delayed union, but his 
conclusions tvere based on the clinical observation of only a 
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The use of heat, however, has been subjected to greater abuse prob- 
ably than that of any other agency of physical therapy. To turn on i 
radiant heat lamp or an electric baker Is easy and keeps the patient 
occupied, and the period of rest and relaxation under the soothing hat 
rays is the part of the treatment that the patient enjoys the most If 
*ny part of the treatment is to be discontinued, he will willingly forego 
the part of the program that fnvolves actual work but wifi want to 
retain the use of heat until the last. In consequence It often happens 
that heat treatments are continued for long periods after they hare 
ceased to be beneficial and often at the expense of active inobilixitJcfi, 
the patient being lulled into a state of false contentment based up* 
the supposition that the treatment he is receiving will be the means 
of restoring function without any active efTort on his part. 

Not only may the use of heat be harmful in placing emphasis upon 
, part of the treatment, but its prolonged use nuy 

be actually injurious to the tissues and result in pathologic instead 
rLnt ' i °n C ( of the latter are unfortunately »* 

°° ^ appearance of a part that has ten 

heat ^ characteristic, and the entire story is «- 

^ ,tiD ° S tI,C re SJ° n ^ ha5 >*“ 

, T * r y The superficial Uisoes art hard 

' ,‘, 0uch ' If tbe ««* la pTrt of an extremity, the 
tT™k?hfriS ^ usually edematous and boggy. I have had ocaoi® 
S.d^iu^thtk hr !!i gh S " char »* “<1 havefound the akin leathoy 
and th ' underlying ttouea avascular and 
T' ° heat . WoSs, defeats Its own object 
and binders recovery of function. It should l* used onlv for a definite 

raSdta TO to b£n attained, 

of nerve iniurv whm th never be employed in conditions 

sensibility In such enw^ v> 5 ^ 8 ^8ht«rt disturbance of cutaneon* 

Heat mav be eirmW»/i e « not to use it at all 

turea, but the iSS T 5 ’ f ° r the trratm ' nt of frK- 

athermy. P°rtnnt are radiant heat, hot baths and di- 

ofXLTh 5?tSS' d° B!i < f"T Uy , m ^ t 

heat baker. The single redianuLt *» electric radust 

more time-consuming. Electric je«s eflectiw and 

valescent stage of fracture treatment ?« l ^ 

mobfUxation. All splints should u- r - a P re b m htary to massage and 
comfortable position securely sudoom^J 0 ??’ $* P* 11 } n a 

as necessary, and the heat turned m ♦ by pillows and sand b*fP 
"Tie duration of the treatment should icn?r de 8 rce of in tens! ty- 


as necessary, ana roe neat turned rm » -j ^ uu "a ana nuw ^c.- 
The duration of the treatment ibsuM „„. R icrer dc W“ of intensity 
minutea, and. a* a rule, it thould dm S' SIOMd fifteen to twwij) 
than on alternate dayi. Electric bakln. Ideated more frequent!) 

ticuld be employed on!) 
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on the lookout for unexpected developments. Any unfavorable sign 
should be reported immediately. 

The surgeon should personally administer such physical therapy as 
is indicated In the early stage of fracture treatment. As long as there 
is danger of displacement of the fragments, and careful handling of 
the part and skillful management of the splints are required, it is 
obviously unwise to delegate the treatment to a technician. It Is only 
when the consolidation of the fracture is sufficiently advanced to 
reduce the risk, of displacement and of other complications to the 
minim um that the services of the assistant may be employed. The 
surgeon should continue to see the patient as frequently as necessary 
in order to observe the effects of the treatment, to make such changes 
in the treatment as are from time to time indicated and to see that 
the patient is receiving adequate benefit from the treatment. Frequent 
consultations between the physical therapeutic technician and the 
doctor, with the patient present, are necessary to avoid misunder- 
standings and insure progress. 

A great deal of responsibility devolves upon the technician in treat- 
ing fractures. She must always bear in mind that the treatment is 
fraught with danger and that excess of real may result in harm. She 
should keep a careful record of progress in each case, measuring and 
recording the range of motion with the arthrometer. Impressions of 
the range of motion are always unreliable. Accurate records of the arcs 
of motion are of great importance, not only in showing whether or not 
treatment is beneficial and progress is being made, but also In encourag- 
ing the patient and in giving him confidence that his treatment is 
bring properly controlled. The technician must also remember that 
while she has certain technical duties to perform as an operator, her 
chief function should always be that of a teacher. It should be her 
objective to educate the patient to an understanding of the relative 
importance of what Is done for him and of what he does for himself, 
and of the greater value of the latter. When the proper moment 
arrives she must emphasixe the importance of active use and encourage 
it in every way. She should follow a consistent policy of not helping 
the patient any more than is absolutely necessary, as, for example, in 
wring that the patient removes and puts on his clothing without 
assistance. The performance of little tasks in connection with the toilet, 
the meals or certain household duties should be encouraged. At the 
same time the kind of physical treatment given the patient should 
reflect the gain in functional ability and should contain a large 
amount of active, voluntary work. 


While active use of the part Is the goal, it must be remembered that 
this fa dangerous at an early stage because It cannot be graduated or 
controlled. The principle of treatment that should always be Mowed 
In building up strength In weak muscles is to keep the amount of work 
done below the faUgne point When a weak muscle is required to do 
too much work or becomes overstretched, it Is likely to play out for a 
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croup of treated cases, and it is difficult to prove that this was fie 
factor that accomplished the result instead of other factors that wot 
likewise concerned. The action of diathermy In stimulating cocsoO- 
dation of a fracture must be regarded as distinctly xvb jttdite rats 
additional evidence has been obtained. In the meantime, if the effect 
of diathermy Is to be tried in cases of delayed union, it will be mfris- 
ablfc to limit its use to those fractures where no mechanical cause 
exist to account for the retarded healing, such as Interposition of tteoe 
between the fragments or lack of proper reduction, and also to tt* 
it not later than three to four months after the Injury. Beyond ti® 
period the local situation in respect to callus formation has become 
so static that it is impossible to see how heat or hyperemia woa« 
be of any assistance. Immobilization of the fracture should notbe oa- 
continued during the period of treatment by diathermy, even tbojiyj 
the presence of the splints interferes somewhat with the most efntiwi 
localization of the effect at the desired point Granger solved u® 
problem bv cutting out windows In the piaster casings on oppo^ 
sides at the level of the fracture and applied the electrodes here. 
In other cases, one electrode was placed on the extremity proxinaf 
to the cast or splint, while the other was placed directly over tue 
fracture. The treatments should not be given more frequently th*n 
alternate days, and the duration should be about twenty minutes. ^ 
any effect is to be obtained from diathermy it should become mantlet 
in four to six weeks, and there seems to be no reason to prolong d* 
treatment over a period of more than one month. , 

Aside from Us purely experimental use in delayed union, the write 
Is unable to find any other condition in fractures where diathermy h 
indicated which cannot be treated just as well, if not better, by U* 
application of external heat in one or another form. In fact, a a*** 
extensive and superficial type of heat effect U to be desired as a p*- 
Ummary to massage and mobilization than the deep localized be*t 
effect of diathermy. 


The Technician and Muscle Reeducation with Reference 
to Fractuee Treatment 

Tbo administration of physical trealmrot for fracture Is tlme^ 
sumfng, hence if It is to be employed efficiently and ecooomlodlT, 
resort must be had at certain times to the aid of trained technlcUM- 
T ° t .^ uira ^ cooperation between 

the surgeon and tie] physical therapeutic technidamThey are the «*> 
parts ol a team, mad the more harmonious the teamwork, the great* 
the benefit to the paUenh Both have their own particular sphere, 
but each can re&force the other's eflorts. The surmm Is In charge 
1 must assume the responsibility of The 
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has reached the maximum of Improvement, but should be taken much 
earlier at the time when the patient has developed enough motion and 
confidence to really go ahead and use the part. From this point, im- 
provement is chiefly a matter of time with an occasional check-up 
and encouragement by the physician. 

The Treatment or Fractures in Specific Regions 


FRACTURES or THE UPPER EXTREMITY 


Analysis of tbe function of the upper extremity shows that It is 
specialized and quite different from that of the lower extremity. 
Freedom of movement and well coordinated muscular activity are the 
chief requirements. While powerful muscular contractions may be 
required in the performance of many tasks, such efforts are rarely 
long sustained, and the characteristic activity is Intermittent with 
alternating periods of work and rest This is In marked contrast with 
the function of the legs, where the task of bearing the body weight 
in standing and walking necessitates prolonged effort. Likewise the 
arms are used chiefly in lifting, pulling, pushing or twisting, and the 
strain is one of leverage instead of end-thrust as in tbe case of the legs. 

AH function of the upper extremity centers about and Is subservient 
to that of tbe hand. The hand is the tool, and the forearm and upper 
arm, together with the various articulations, are merely tbe levers and 
gears that adapt tbe tool to its tasks and apply the power, and provide 
the means of movement. The usefulness of the upper extremity de- 
pends upon maintaining the delicate and multiple activities of the 
fingers and thumb. If these are lost, the result is almost as unfortunate 
as if the extremity were amputated. 

The treatment of fractures of the upper extremity must therefore 
be directed with the constant consideration of the necessity of preserv- 
ing the mobility of the articulations and the suppleness of the muscles. 
In case of conflicting indications in the treatment of a patient, one 
should usually adopt the course that favors the retention of the greater 
amount of movement even If it Is at the cost of a slight sacrifice of 
alignment. Alteration of bony alignment in the upper extremity, while 
undesirable and un esthetic, has little functional significance unless 
because of proximity to or involvement of a joint it causes limitation 
of motion. Angular deformity does not have the same repercussions 
npon the articulations as b the case of the legs where, due to the 
weight-bearing function, it almost always results in joint strain and 
irritation. But above all, the motions and control of the fingers and 
thumb most be preserved. 


Because of tbe need of preserving movement and control, physical 
therapy Is called upon to play a prominent part b the treatment of 
fractures of the upper extremity. Early massage and mobilization may 
be employed by the surgeon under almost ideal conditions b many of 
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considerable period of time. Hence, a weak muscle should alwiyj be 
employed in a partially shortened position, and the amplitude of tie 
movement should be Increased only proportionately with the gain fa 
power of the muscle. Herein lies the danger of uncontrolled active 
use of a part at a time when the muscles are still weak from injury 
and lack of use. The patients fail to progress and complain of pain, 
and examination shows a decrease rather than a gain in movement. 
The remedy here is to rest the muscle, not to exercise It more. 

All of the various types of motion that have been previously de- 
scribed blend into each other more or less so far as thrir use is c®" 
cerned. There is no one moment when one should change from passive 
to assisted motion, or from the latter to resisted movement or to irirve 
use. On the contrary, the use of the different kinds of mdtfoo should 
overlap and the transition from one kind to the other be made gradu- 
ally. In general, one should begin with muscle setting and a HtUe 
passive motion as early as possible. As soon as the consolidation of me 
fracture permits, the passive movements should be supplemented by 
a little gentle assisted motion or free motion. A short session of re- 
sisted exercise, with the patient resisting and the physical therapy 
making the movement, will aid in establishing the control of the musdo 
and prepare the way for gentle assisted movements. As quickly » 
possible, active exercises with and against gravity should be added ana 
the frequency and amplitude of the movements increased. Finally, 
when active use of the part has been permitted, resisted exerosej 
should be employed with the patient performing the movement resisted 
by the physical therapist, and forced assisted movements should be 
added to attain the last degrees of joint motion. , 

When the stage of treatment has been reached when all splints awl 
apparatus have been discarded, the general purpose of the treatment 
should be to show the patient exercises that he lb to perform at home 
systematically , and to reserve the balance of the session for doW 
things that the patient cannot do as well by himself. Active exercise 
can often be done better If performed simultaneously with both o- 
tremltics, and, for this reason, many of them should be performed, 
using both sides. Means of using the injured part should be suggested 
to the patient. For example, in the case of the upper extremity, dlsb- 
washmg, svroplng writing, sewing, typing or driving a motor car may 
be advtaed. For the lower extremity, walking, ganSdng and working 
the P«lal of a sewmg machine, jig saw^7bicycle provide valuable 
exercise. Gnmamiy bn suggested, such as golf, swimming, or ply- 
ing various musical instruments that will exerdi the part 

In t] T fracn T' trea tment, physical therapy should 

be employed at fatoly frequent .Intervals. Treatment, giveneveey other 
day are usually fuUy as saUsfectory and obtain as rapid progress as 
1 “ d moTen > n >t improve, the sessions 
should ** 'T7 k ’ then once a week and fmaDv 

discontinued. This latter action should not be delayed until the padrsd 
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has reached the maximum of improvement, but should be taken much 
earlier at the time when the patient has developed enough motion and 
confidence to really go ahead and use the part. From this point, im- 
provement is chiefly a matter of time with an occasional check-up 
and encouragement by the physician. 

The Treatment of Fractures in Specific Regions 


FRACTURES OF THE UPPEB EXTREMITY 


Analysis of the function of the upper extremity shows that it is 
specialized and quite different from that of the lower extremity. 
Freedom of movement and well coordinated muscular activity are the 
chief requirements. While powerful muscular contractions may be 
required in the performance of many tasks, such efforts are rarely 
long sustained, and the characteristic activity is intermittent with 
alternating periods of work and rest. This is in marked contrast with 
the function of the legs, where the task of bearing the body weight 
in standing and walking necessitates prolonged effort. Likewise the 
arms are used chiefly in lifting, pulling, pushing or twisting, and the 
strain is one of leverage instead of end-thrust as in the case of the legs. 

All function of the upper extremity centers about and is subservient 
to that of the hand. The hand is the tool, and the forearm and upper 
arm, together with the various articulations, are merely the levers and 
gears that adapt the tool to its tasks and apply the power, and provide 
the means of movement. The usefulness of the upper extremity de- 
pends upon maintaining the delicate and multiple activities of the 
fingers and thumb. If these are lost, the result Is almost as unfortunate 
as if the extremity were amputated. 

The treatment of fractures of the upper extremity must therefore 
be directed with the constant consideration of the necessity of preserv- 
ing the mobility of the articulations and the suppleness of the muscles. 
In case of conflicting indications in the treatment of a patient, one 
should usually adopt the course that favors the retention of the greater 
amount of movement even if it is at the cost of a slight sacrifice of 
alignment. Alteration of bony alignment in the upper extremity while 
undesirable and un esthetic, has little functional significance nnlw 
because of proximity to or Involvement of a joint It causes limitation 
of motion. Angular deformity does not have the same repercussions 
upon the articulations as in the case of the legs where, due to the 
weight-bearing function, it almost always results In joint strain and 
irritation. But above all, the motions and control of the fingers and 
thumb must be preserved. 


Because of the need of prewrving movement and control, pbvaad 
therapy U celled upon to play a prominent part in tie treatment of 
fractures of tie upper extremity. Early manage apd mobilization may 
be employed by the surgeon under almost Ideal condition, in many of 
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these fractures, particularly those of the phalanges, tower end ot the 
radius, shaft of the humerus and upper end of the humerus. This treat- 
ment must be preceded by proper reduction of the fracture, aod com- 
blued with adequate proteirtion. When properly employed, 
therapy will sometimes determine the difference between a good cod a 
bad result. In seeking to bring about functional recovery afto' * 
fracture of the upper extremity, it is of the greatest importance to 
regard the limb as a whole and to avoid focusing the attention only 
upon the region immediately adjacent to the injury. Stiffness of we 
fingers and hand with loss of function may well follow an inj£7 
Involving a region as remote as the shoulder, and stiffness fn the reg*” 
of the shoulder may be the consequence of an injury affecting tbe 
wrist. In the application of physical therapy it is therefore imports 
to treat all tbe joints and muscles, and to restore aff motions. It Is 
necessary to Inspire the patient with the will to work. No amewnt ot 
physical therapy will make up for the persistent avoidance of mmje- 
ment by the patient In personally administering massage and 
Ization in the early stage of treatment, the surgeon has an uaequaheo 
opportunity for impressing upon the patient the importance of move- 
meat In reestablishing function and the necessity for active coopera- 
tion on his part. If the surgeon fully capftalixes this opportunity,* 
large part of the disabilities due to stiffness of tbe fingers and other 
joints will be avoided. 

Fracture, of the Hand.— Fractures of the region of the hand fa- 
dude In furies of the phalange, and ntelacarpnls. These injuries, un- 
fortunately, are commonly considered minor and are oftea treated by 
physicians of little experience, whereas actually they represent prob- 
lems of the Brat magnitude and demand the highest still fa “ dr 
solution. Frequently multiple and Involving the bones of several finger* 
85 well as of the band, the results are often distressing and necessity 
the later amputation of one or more digits In order to get rid of »» 
Impediment to the function of the remaining fingers. The common 
aiuses of failure, In so far aa they may be ascribed to treatment, art 
incomplete reduction, too long fixation and lack of physiotherapeutic 
reeducation of the patient. 


^™*--Fhalanged ft*«ure, if accompanied by 

bony deformity reqtdre Unmediate reduction and splinting. Aligns*? 
H usually bert maintained with the Jointa fixed In flexion. This Po- 
tion overcomes delormbtg muscle pun., and likewise favors tbe re- 
covery o motion. Traction must frequently be applied either by mea® 
□I adhesive plaster applied to the skin or by or wire pass" 1 

through « phalanx Constant traction fa u ^j ly combin*- 

Uon ^th *ome form of the banjo .pilot. Many of these fractures art 
compound with extensive Injury of the tendons and soft tissues, abd 
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Inevitably result In joint stiffness due to adhesion of the tendons in 
spite of the best treatment 

The point of chief importance in the treatment of these injuries 
after securing reduction is to reduce fixation to the minimum- Union 
develops rapidly, and at the end of two weeks there is very little risk 
of displacement. Physical therapy may be started at the end of one to 
two weeks, depending upon the nature of the Injury, the splints being 
removed temporarily for treatment. In fractures without deformity it 
may be employed from the beginning. AD splints should be removed 
at the end of three weeks and active movement and light use per- 
mitted. 

Physical therapy should consist of the warm whirlpool bath, fol- 
lowed by superficial massage and relaxed motion of all the digits. The 
uninjured fingers should receive treatment as weU as the injured ones. 
Active motion with the injured phalanx supported manually should 
follow with movement through as great an arc as possible. The move- 
ments should be performed individually for each of the joints. The 
treatments should be repeated dally for the first week or two, and 
thereafter on alternate days. At the end of three to four weeks only 
active or assisted movements should be made, and thereafter chief 
reliance should be placed upon supervised active use. Contrast bathing 
of the hand at home Is also useful. The patient should be given exer- 
cises of squeezing a rubber or woolen ball, and shifted gradually into 
playing scales on the piano, typing and other kindred activities. 
Physical therapy after five weeks is usuaDy a waste of time. 


Metacarpal Fractures. — Fractures involving the shafts of the 
metacarpal bones in contrast to those of the phalanges rarely give rise 
to functional impairment. They are usually accompanied by posterior 
angulation or bowing and by dropping of the knuckle. This deformity 
may usually be corrected by flexion oi the metacarpophalangeal joints 
to relax the puD of the volar interossd muscles and by pressure from 
the palmar side against the bead of the metacarpal. These indications 
are met by flexing the fingers over a molded splint or roller bandage 
and fixing them in this position. Fixation must usually be maintained 
for about three weeks. As a rale, there is little difficulty in the recovery 
of finger function, and formal physical therapy is rarely needed. Con- 
trast bathing at home, active exercises and use are generally adequate. 

Fractures of the beads of the metacarpals and multiple fractures 
of the ph al a n ges and metacarpals are much more serious and fre- 
quently require constant traction for the correction of deformity 
accomplished usuaDy by some form of the banjo splint. This treat- 
ment is dangerous from the functional standpoint and may lead to 
sUffness, in comparison with which a Dttle bony deformity may seem 
of slight Importance. The stave fracture of the proximal end of the 

?? mUy « Bennett's fracture, is 

likewise of functional significance because it implicates the joim ^ d 
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may cause Impairment of, < or r pain Os'e 

traitlon to accomplish musTusudl>be malo- 

vrfde abduction ^fbeiore sufRcient mta “ 

tained for a period of about three ' ^f (oTIn ii v 
obtained to prevent recurrence of ‘^ ^'"T^'the cases of nraUlffc 
Physical therapy is distinctly indl ca « Ito the o!t i* 

fracture of the bones of the hand and hhertfw * inn be 

metacarpal heads and Bennetts fracture. The trra ^ ^ end ol 
started just as aoon as traction is d ^ n ‘ in , u ,”’ r m whWH hafh 
two to three weeks, ft should mnslst ^ Interpbdaasra 1 

massage, native. assisted and active movements ,, 
and metacarpophalangeal joints. Intensjv'e lrei ^™? tendency to stiff* 
Sally durtogThe first week or two li there is ® uch ‘'"J^der the 
ness. Active ererdses to be done at home. ;> 1 ^ 5 j wu id be presoiW 
supervision of the technician, andcontrast lath* abauld be car 

at the end oi ionr or five weeks. Thereaiter the , hand, ,rd 

stantly urged to active use and exerdse ol the bngm te d, judi 
some iorm of suitable occupational therapy *? I ° u,d JS* pattens, 
as piano playing, typing, knitting, sewing, ^.’^..HrnSftosohlnly 
etc', and these should be persisted with untfl the stillness me 
disappeared. 

Fractures of the Carpal Bones.— The most comm™ of the 

the carpal bones are fracture of the scaphoid anc ' jhs ora wjnees 
semilunar. These may occur separately or In b ut swh 

of fracture of the other carpal bones are occasionally 5 ""’^^ sar y 
lesions are rare and not typical. The principles o( ipamfflh; 

(or a successful result after carpal fractures are, first, eariy^a ^ 
secondly, immediate reduction of displacement when 
thirdly, long-continued Immobilisation and protection or the 
region. Physical therapy Is usually contraindicated. 


FsACTtiHXS of the Scaphoid. — The common injury of the * C ®P ^ 
hone is a transverse fractare through the “waist,” usually not 
dated with much separation or displacement of the fragments 
when accompanied by dislocation of the semilunar bone, In which 
the distal fragment Is displaced posteriorly along with the ainai, 
of the carpus and comes to lie In a dorsal relation to the P rcI11 
fragment and the semilunar. 

Fractures of the scaphoid bone constitute a dass apart from o. 
bony Injuries because ol their notorious tendency to nonunion. J 
(s due to the fact that the blood supply to one of the f ragmen > 
usually the proximal. Is shut oil and that bony union can only « 
brought about by the Ingrowth of capillaries from the viable »nj£* 
meat and creeping substitution of the dead bone by living bone. TWj 
richest appr 0 ^^^ 011 fractured surfaces and avoidance of 

motion between the fragments are the necessary conditions for ““ 
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completion of tils process. The anatomic studies of Berlin 11 showed 
tha t the fragments were brought into closest apposition when the wrist 
was placed in a position of 45 degrees dorsiflexion with radial devia- 
tion. Fixation of the wrist in this position should be secured by the 
application of plaster splints extending from below the elbow to the 
metacarpophalangeal joints and including the first phalanx of the 
thumb. A policy of complete immobilization of the wrist should be 
followed for a period of six weeks. 

When fractures of the scaphoid are subjected to movement the 
result is almost invariably nonunion. For this reason physical therapy 
is completely contraindicated until after the splints have been re- 
moved. During the period of complete fixation of the wrist, the fingers 
may be used in so far as permitted by the splints, and many tasks of 
a light nature may be performed with benefit in respect to the main- 
tenance of finger flexibility. Following the removal of the splints, it 
is advisable for the patient to wear a steel reenforced leather brace 
extending from the metacarpophalangeal joints to the middle of the 
forearm but leaving the fingers and thumb free. This may be removed 
dally for contrast bathing and active exercises of the wrist in flexion 
and extension and of pronation and supination of the forearm. Above 
all, active use of the hand for all tasks with the brace In place should 
be urged. This Is the best form of physical therapy, and many patients 
have been able to resume their regular work, often of a heavy nature, 
without being handicapped by the brace. The brace can usually be 
discontinued at the end of three months, and at this time there is 
generally complete restoration of function. 


Dislocation of the Semilunar Bone. — While it is our purpose 
to consider in this chapter fractures rather than dislocations, an- 
terior luxation of the semilunar bone requires mention because of its 
frequent association with fracture of the scaphoid. The treatment of 
isolated dislocation of the semilunar bone is reduction by either the 
closed or open method as soon as possible after the diagnosis has 
been made. When the patient is seen early, that is, within three or 
four days of injury, reduction can usually be accomplished by the 
closed method. When seen later, reduction can usually only be brought 
about by open operation. When the patient is not seen until three or 
four weeks after the Injury, it is usually advisable to excise rather 
than to replace the dislocated bone. 


Following reduction by either the dosed or open method, the wrist 
Is splinted in a position of dorsiflexion for a period of about four 
weeks, but the fingers and thumb are left free. During this period 
active use of the fingers and thumb should be urged for ah tasks and 
if full cooperation is obtained, the patient will appear to be handl- 
rapped very little by tie presence of tie splints. Due attention siould 
also be ptud to the prevention of stillness in the elbow and shoulder 
Upon removal of the splints, function of the rrrist is usually quickly 
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reestablished by active use supplemented by contrast bathing and 
active exercises performed at home. As a rule, there is little Deed of 
formal physical therapy administered by a technician except in the 
case of long-standing dislocations when the displaced semilunar must 
be excised. In such cases there is apt to be considerable stiffness of 
the wrist and fingers associated with pain, and these conditions an 
be ameliorated by whirlpool baths, massage, and active and passive 
exercises, beginning as soon as the healing of the operative wound 
permits. 

When dislocation of the semilunar is associated with fracture of the 
scaphoid, reduction should be brought about by the dosed method, 
and the after-treatment differs In no way from that of Isolated fracture 
of the scaphoid. 


Fractures of the Lower End of the Radius.— Fractures of the 
lower end of the radius are, with the exception of fractures of the 
clavicle, the most frequently encountered of all bony injuries and 
constitute a large and important group of fractures. Induded in the- 
several different types of fracture which may be differen- 
tiated both on an anatomic and mechanistic basis, but it Is not within 
the scope of this chapter to deal with each of these separately. By fa f 
the most common type of fracture Is that produced by a fall on the 
outstretched hand with the wrist in the position of dorsifiexion, or by a 
blow on the palm as from backfiring while cranking a gasoline motor, 
the wrist being in the same position. This fracture mechanism 
first described by Abraham Colies, »• and is usually known by his nw*. 
Our wm be limited to a consideration of tie pineal treat- 

m m,!!, fraCtUre and also of the fractures of the lower radkl 
epiphysis, likewise an Important group. 

t tcrm CMa ’ fnetun we mean to des- 

Iower “ncaiorn end ol the radian pto- 
duced with the wrist In hyperextension. The pathology of thin fracture 
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fragment from the head of the ulna, and the latter la left projecting on 
the volar surface of the wrist. 

The treatment of this fracture involves two problems, first, that of 
correction of the bony deformity, and second, that of obtaining func- 
tional restoration. The solution of these problems is by no means 
identical, and demands not one but two answers. It does not follow 
that because bony deformity is corrected functional recovery will be 
the natural sequence, nor, on the other hand, can it be predicted that 
a fracture with un corrected bony deformity will not in the end provide 
a strong and useful wrist. Anatomic restoration Is the proper founda- 
tion for functional recovery, but It Is necessary to work for the latter, 
not to wait for it. 

Correction of displacement is of fundamental Importance in the 
treatment of these injuries and should be brought about by the closed 
manipulative method under local or general anesthesia as soon as 
possible after the Injury. Impaction should be broken up, the distal 
fragment pushed forward into normal relation with the head of the 
ulna, and the backward tilting and rotation corrected. Reduction 
should be maintained by the application of retentive splints. These 
should extend from the metacarpophalangeal joints to the upper fore- 
arm, leaving the thumb and fingers free for all movements. In this 
connection It Is important to realise that the level of the metacar- 
pophalangeal joints is on a line about one inch proximal to the web of 
the fingers and corresponding to the distal transverse crease in the 
palm. If the splint projects beyond this point, flexion of the fingers 
will be hindered and functional recovery delayed. The test of complete 
freedom of finger movements is whether the tip of the thumb can be 
approximated to the tips of all the fingers. As a rule, the wrist must 
be fixed In moderate flexion with the forearm pronated. Our own 
preference for splinting is anterior and posterior plaster splints be- 
cause of the ease of molding and adapting them to the parts, and their 
light weight and small bulk. A sling completes the dressing. 

Physical therapy plays an important rfile in the treatment of Colies’ 
fractures. Routine surgical care of the splints Is not sufficient and 
will result in many stiff, disabled hands and delayed convalescence 


unless supplemented by treatment specifically directed to promoting 
recovery of function. My own practice is to begin light superficial 
massage and passive mobtUxadon the day following the reduction. 
Prior to the reduction, when there has been considerable swelling, I 
have administered massage for about twenty minutes, often with 
noticeable improvement In the circulation. The day after the reduction 
the dorsal splint is removed, leaving the wrist resting on the anterior 
splint, which is supported on a cushion. Light, rhythmical stroking is 
administered over the entire back of the hand, wrist and forearm. The 
doraal splint Is then reapplied, and an assistant lifts the patient’s wrist 
holding It against the jplint whn c the anterior splint 1, removed and 
the anterior surface of the wrist and forearm sfmflarly treated. The 
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reestablished by active use supplemented by contrast bathing and 
active exercises performed at borne* A* a rule, there is little Deed of 
formal physical therapy administered by a technician except In the 
case of long-standing dislocations when the displaced semilunar must 
be exdsed. In such cases there is apt to be considerable stiffness of 
the wrist and fingers associated with pain, and these conditions an 
be ameliorated by whirlpool baths, massage, and active and 
exercises, beginning as soon os the healing of the operative wound 
permits, 

When dislocation oT the semilunar Is associated with fracture of the 
scaphoid, reduction should be brought about by the dosed method, 
and the after-treatment differs in no way from that oi Isolated fncture 
of the scaphoid. 


Fracture* of the Lower End of the Radius.— Fractures of the 
lower end of the radius are, with the exception of fractures of tie 
ctawcle the most frequently encountered of all bony injuries and 
constitute a large and Important group of fractures. Included in the- 
K ' 5eraal different types of fracture which may be dfflerw- 
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fracture of the lower end of the radius in children, usually between 
the ages of seven and twelve years. Such fractures require careful 
reduction and retentive splinting for a period of about four weeks. The 
same methods are employed as in the treatment of Colies’ fracture, 
although greater difficulty may be encountered in retaining reduction 
than in the latter. There is less need for physical therapy in the treat- 
ment of the epiphysial fractures t h a n in Colics’ fracture on account of 
the youth of the patients which is favorable to the rapid recovery of 
function. The physician may begin the administration of massage 
and relaxed movement at the end of two weeks, and this should be 
continued on alternate days until the splints are removed. Active use 
of the splinted hand, the fingers having been left free, should be en- 
couraged from the end of the first week. As soon as the splints have 
been removed, contrast baths should be given at home together with 
regular exercise treatment until recovery is complete. Usually there Is 
no necessity for formal baking and massage treatments. 

Fracture* of the Bones of the Forearm, — Fracture op Either 
the Radius or Ulna Alone. — Fractures involving the shaft of one 
of the bones of the forearm, the other remaining intact, are, on the 
whole, fairly simple problems. The degree of displacement is rarely 
severe due to the fact that the un fractured second bone serves as a 
splint and exerts a lfmltlng action. The bony deformity can generally 
be corrected by dosed methods, although occasionally open reduction 
may be required. Fixation is usually obtained by the application of 
retentive splints extending from the metacarpophalangeal joints 
nearly to the axilla with the elbow flexed either at a right angle or In 
complete extension and the forearm In varying positions of pronation 
or supination, depending upon the type of fracture. 

Physical therapy may usually be employed from about the four- 
teenth day after injury. Earlier treatment U likely to be dangerous. 
Active exercise and use of the digits should, however, be insisted upon 
from the beginning. At the end of two weeks, superficial massage may 
be employed, the arm being supported on one splint while the other 
is removed. Depending upon the location and mobility of the fracture, 
relaxed motion may be performed at either the wrist or elbow, choos- 
ing the articulation farthest removed from the seat of Injury. At the 
end of three to four weeks, depending upon the progress of cal lus 
formation, the arm may be carefully lifted from the splints, supported 
by cushions and more general treatment administered in the form of 
superficial massage with relaxed motion of the fingers, wrist and elbow. 
Generally the last movements to be performed are those of probation 
and supination, as these are attended by the greatest danger of dis- 
placement. The physician should be guided as to these by the appear- 
ance of callus formation by roentgen rays, and he should wait until 
there is clear evidence of new bone formation. The duration of splint- 
ing is variable In fractures of one of the bones of the forearm* in 
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fin^ are maaeaged Individually and U« ««“** 

actively 'with assistance. The splints are then reapp , .Vaiido 

in pfc«. The elbow is next flexed and 

abducted and rotated. Tbc patient la Instructed to racrc^tne^^ 

the elbow and ahoulder regularly every day. The trea 

the following day, and thereafter on tijumatc dap. A mt the dim 

daya the padent fa Inatructed to lift the spUnted wrUt tmt oHM w 

whenever sitting and to begin to use the fingi «* flight 

as holding a newspaper, turning the pages of a book, 

with the toilet, dressing, undressing, etc. , . dmfa* 

At the end of one week the wrist is lifted °u of thesp^^ rf 
the treatment and supported on a cushion. Following, ^ ^ 
the dorsal surface, the region of the fracture ^ S UPP° motk** 
the physician's hands while, with the other, gentle, ^ yd 

are made of extension and flexion of the^wnst, and op 
supination of the forearm. While the wrist Is supportea 
the patient is requested to extend repeatedly the 6oge , . At 

them in a fist. Attention is also given to the elbow 0 j ^ 

this time, also, the patient is instructed to discontinue tn ^ t 
sling, elevating the hand only when the fingers become ^ 

result of the dependent position. Active use of the band ^ 

to include assistance in eating, dressing, shaving or CTrlD S . 

At the end of two weeks the use of heat, either by an el , 

or from a whirlpool bath, Is begun as a preliminary to ^ 

roobillxatlon. The extent of the movement is increased, ana ^ ^ 
assisted movements occupy a larger part ol the treatmen, . ^ 

region oi the fracture Is stiD supported manually. At Ihis i 

anterior splint is discontinued and the wrist and forearm are ^ 
into the dorsal splint only. This permits a greater range 0 
of the fingers. All splints are discontinued at the end of t rf eC r _ u ire 
except in the severely comminuted fractures, which usuflUy 
protection until the end of four weeks. Temporarily after the r 
of the splints the patient's comfort is promoted by the use of a ^ 
about the wrist or by a leather wrist strap. From this 
patient employs contrast bathing at home, perform^ active 
and is encouraged to use the hand actively for all tasks except ■ “*“2 
or pushing. He is required to report twice a week during two ah' 11 
•weeks lor supervised treatment by the technician. w 

functional recovery la usually complete by the end of six 
and a surprising variety of active use of the hand is usually P 053 ^ 
for some time earlier. 

Fractures without displacement require spifnting for two weeks o&J< 
and the whole plan of treatment in respect to movement and use 0*^ 
be speeded up correspondingly. 

EriPiroiAL FaACXtTRM OF TTTE LOWEU END OF THE RABtUS-'^ 
Separation of the lower radial epiphysis occurs as a variation 0 
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treatment lies In a correct appraisal of the pathologic changes and the 
amount of bony deformity, and whether or not the displacement Is of 
a type to cause interference of movement. If it is, then the only 
remedy is operation with the removal of the loose fragment if the re- 
mainder of the head is st31 capable of function, or with complete 
excision of the head if there has been extensive comminution of the 
head or a displaced fracture through the neck of the radius. In the 
case of the rare epiphysial fractures of the upper end of the radius, 
occasionally encountered in children, open reduction may be per- 
formed instead of excision. 

When fractures of the head or neck of the radius are treated, either 
by removal of the loose fragment or by excision of the head, no splint- 
ing is required beyond soft dressings, bandage and sling. The problem 
of securing union of the fracture has been eliminated by the removal 
of the fragments, and the reparative process Is limited to the healing 
of the raw bony surface and damaged soft parts. Passive and assisted 
movements of limited extent may usually be begun at the end of three 
to four days, and the patient may be encouraged to perform active 
pronatlon and supination as soon as he has recovered from the acute 
effects of the operation. As soon as wound healing has been obtained, 
usually at the end of one week, the active efforts of the patients may 
be aided by electric baking, superficial massage and effleurage, and by- 
relaxed and assisted movements of the elbow. Usually the arm may be 
removed from the sling for the performance of light tasks at the end 
of three weeks, and at the end of four weeks this support is removed 
and active use encouraged. Physical therapy should usually be con- 
tinued until the end of eight weeks, with radiant heat, effleurage, 
active exercises and forced assisted movements. 

Fractures of the bead and neck of the radius with little or no dis- 
placement usually require splinting with the elbow in the position of 
acute or right-angle flexion for a period of about three weeks. Super- 
ficial massage and relaxed motion of the elbow in flexion and extension 


may be administered, however, from the beginning, tbe splint being 
removed for the treatment. As a rule, the rotary movements of the 
forearm, which are the most painful and likewise the most dangerous 
in respect to causing displacement, should not be started until the end 
of one to two weeks, the indication here being the disappearance of 
pain on motion. At the end of two to three weeks, more intensive treat- 
menu can generally be given, consisting of radiant heat, effleurage 
assisted and active movements. Fairly complete recovery after such 
injuries ought to be obtained In from six to eight weeks, although 
there may be an obstinate limitation of complete extension of the 
elbow persisting for several months before it finally disappears 

Special warning ought to bo given In connection vrlth fract'ures of 
the bead and neck of tbe radius of the danger of tbe development of 
an ossifying hematoma or myositis ossificans. Many of these frae 
tures are complicating injuries of posterior dislocations of tbe elbow 
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some, union Is solid in four weeks; in others, not until the end of eight 
to ten weeks. With the removal of the splints more active treatment u 
indicated with baking, efilcurage, assisted aod active movement*, 
efforts being especially concentrated upon restoring pronation wd 
supination. 

Fractures of Both Bones of the Forearm. — Fractures of both 
bones of the forearm are among the most difficult of oil fradnresto 
treat They are frequently attended by severe displacement, red ocUoc 

Is difficult and often necessitates resort to the open method, and> m 
addition, union is frequently delayed. Under these drcumstsDca 
physical treatment is dangerous and the only safe rule is to post 
pone It until consolidation is well advanced. During the interval, enorts 
should be concentrated upon obtaining mobilisation of the finget* 
and thumb with die splints in place. This task is often difficult 
enough, but at the same time of extreme Importance, as the mo sotf 
arise in or span the region of the fracture and have often suffered c®-- 
siderable damage. Unless motion is started early and continued, there 
is likely to be resulting stiffness which may imperil the ^ u [ nc '*^“ 
result The splints should be trimmed well back into the palm in order 
to allow unhampered motion of the digits. In addition, exerdses oi 
the shoulder that put it through its full range of motion should be per- 
formed regularly. 

The time required for union of fractures of both bones of the faf- 
arm may vary from six to ten weeks or even longer. It Is 
advisable to follow a policy of complete fixation of the fracture unu 
this result Is obtained. Relaxed movements of the wrist and elbow, 
preceded by gentle stroking massage, may usually be started one to 
two weeks before the removal of the splints. The movements of prtms- 
tion and supination are the most difficult to recover, and, indeed, art 
often permanently restricted in greater or lesser degree, depending 
upon whether or not the reduction has been complete the amount ol 
callus formation, and the extent of soft part Injury and scar develop- 
ment in the interosseous space. The amount of assistance that may he 
given in recovering these motions depends upon the surgeon's fF" 
praisal of the causes of limitation and how completely these may ** 
overcome by gradual stretching. After removal of the splints, baking, 
effleurage and assisted movements may be given, and active use pre- 
scribed. As a rule, after two to four weeks of treatment, reliance should 
be placed upon active exexdse, and the other forms of physical therapy 
stopped. 

Fractures of the Efbow.-.FaacTtnns os the Head and N«* 
or -ran Radtos.— F rarlures of the bead and neck of the radius carry 
the menace Of restrietton of the rotary motions of the forearm and 
limitation of flexion and exten sion ol the elbow, and demand special 
attention In order to preserve complete function. The crux of the 
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treatment lies in a correct appraisal of the pathologic changes and the 
amount of bony deformity, and whether or not the displacement is of 
a type to cause interference of movement If it is, then the only 
remedy is operation with the removal of the loose fragment If the re- 
mainder of the head Is Still capable of function, or with complete 
excision of the head if there has been extensive comminution of the 
head or a displaced fracture through the neck of the radius. In the 
case of the rare epiphysial fractures of the upper end of the radius, 
occasionally encountered in children, open reduction may be per- 
formed instead of excision. 

When fractures of the head or neck of the radius are treated, either 
by removal of the loose fragment or by excision of the head, no splint- 
ing is required beyond soft dressings, bandage and sling. The problem 
of securing union of the fracture has been eliminated by the removal 
of tbe fragments, and tbe reparative process is limited to the healing 
of the raw bony surface and damaged soft parts. Passive and assisted 
movements of limited extent may usually be begun at the end of three 
to four days, and the patient may be encouraged to perform active 
pronation and supination as soon as he has recovered from the acute 
effects of the operation. As soon as wound healing has been obtained, 
usually at the end of one week, the active efforts of the patients may 
be aided by electric baking, superficial massage and efffeurage, and by 
relaxed and assisted movements of the elbow. Usually the arm may be 
removed from tbe sling for tbe performance of light tasks at the end 
of three weeks, and at the end of four weeks this support is removed 
and active use encouraged. Physical therapy should usually be con- 
tinued until the end of eight weeks, with radiant heat, efffeurage, 
active exercises and forced assisted movements. 

Fractures of the head and neck of the radius with little or no dis- 
placement usually require splinting with the elbow in the position of 
acute or right-angle flexion for a period of about three weeks. Super- 
ficial massage and relaxed motion of the elbow in flexion and extension 


may be administered, however, from the beginning, the splint being 
removed for the treatment. As a rule, the rotary movements of the 
forearm, which are tbe most painful and likewise the most dangerous 
in respect to causing displacement, should not be started until the end 
of one to two weeks, the Indication here being the disappearance of 
pain on motion. At the end of two to three weeks, more intensive treat- 
ments can generally be given, consisting of radiant heat, efffeurage 
assisted and active movements. Fairly complete recovery after such 
injuries ought to be obtained in from six to eight weeks, although 
there may be an obstinate limitation of complete extension of the 
elbow persisting for several months before it finally disappears. 

Special warning ought to be given In connection with fractures of 
the head and neck of tbe radius of tbe danger of the development of 
an ossifying hematoma or myositis ossificans. Many of these free 
tures are complicating Injuries of posterior dislocations of the elbow 
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some, union {5 solid In four weeks; In others, not until the end oi eight 
^ removal of the splints more active treatment h 
Indicated with baking, efheurage, assisted and active raovanenb, 
efforts being especially concentrated upon restoring pronation «nd 
supination. 
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treatment lies in a correct appraisal of the pathologic changes and the 
amount of bony deformity, and whether or not the displacement is of 
a type to cause interference of movement. If It is, then the only 
remedy is operation with the removal of the loose fragment If the re- 
mainder of the head is still capable of function, or with complete 
excision of the bead if there has been extensive comminution of the 
head or a displaced fracture through the neck of the radius. In the 
case of the rare epiphysial fractures of the upper end of the radius, 
occasionally encountered in children, open reduction may be per- 
formed instead of excision. 

When fractures of the head or neck of the radius are treated, either 
by removal of the loose fragment or by excision of the head, no splint- 
ing is required beyond soft dressings, bandage and sling. The problem 
of securing union of the fracture has been eliminated by the removal 
of the fragments, and the reparative process Is limited to the healing 
of the raw bony surface and damaged soft parts. Passive and assisted 
movements of limited extent may usually be begun at the end of three 
to four clays, and the patient may be encouraged to perform active 
pronation and supination as soon as be has recovered from the acute 
effects of the operation. As soon as wound healing has been obtained, 
usually at the end of one week, the active efforts of the patients may 
be aided by electric baking, superficial m assage and effleurage, and by 
relaxed and assisted movements of the elbow. Usually the arm may be 
removed from the sling for the performance of light tasks at the end 
of three weeks, and at the end of four weeks this support is removed 
and active use encouraged. Physical therapy should usually be con- 
tinued cm til the end of eight weeks, with radiant heat, eflkrurage, 
active exercises and forced assisted movements. 


Fractures of the head and neck of the radius with little or no dis- 
placement usually require splinting with the elbow in the position of 
acute or right-angle flexion for a period of about three weeks. Super- 
ficial massage and relaxed motion of the elbow in flexion and extension 


may be administered, however, from the beginning, the splint being 
removed for the treatment As a rule, the rotary movements of the 
forearm, which are the most painful and likewise the most dangerous 
In respect to causing displacement, should not be started until the end 
of one to two weeks, the Indication here being the disappearance of 
pain on motion. At the end of two to three weeks, more intensive treat- 
ments can generally be given, consisting of radiant heat, effieurage 
assisted and active movements. Fairly complete recovery’ after such 
Injuries ought to be obtained in from six to eight weeks although 
there may be an obstinate limitation of complete extension of the 
elbow persisting for several months before it finally disappears. 
tjT? ^ ta connection with fractures of 

™ isj Lt ^ k .° f rad,u5 ? f ^ d “ gCT of tbc development of 

on ossifying hematoma or myositis ossificans. Many of tlese frae 
turea are complicating mjnrles of posterior dislocations of U^eitor 
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some, union is solid in four weeks; in others, not until the end of dgH 
to ten weeks. With the removal of the splints more active trejtawt is 
indicated with baking, effleurnge, assisted and active movements, 
efforts being especially concentrated upon restoring pronatioQ and 
supination. 


Fractures of Both Homes of the Forearm. — -Fracture ofbria 
bones of the forearm are among the most difficult of sB f rector ttto 
treat. They ate frequently attended by severe displacement, reoutf*® 
is difficult and often necessitates resort to the open method, and, in 
addition, union is frequently delayed. Under these dreu mi lances 
physical treatment Is dangerous and the only safe rule b 
pone It until consolidation is well advanced. During the interval, efforts 
should be concentrated upon obtaining mobilisation of the SK 
and thumb with the splints in place. This task is often ai$<2» 
enough, but at the same time of extreme importance, as the rnosatt 
arise In or span the region of the fracture and have often suffered a®* 
sldernble damage. Unless motion fs started early nnd continued, there 
fs likely to be resulting stiffness which may imperil the functions] 
result. The splints should be trimmed well back Into the palm' in ort ** 
to allow unhampered motion of the digits. In addition, exerdses ol 
the shoulder that put It through Its full range of motion should be per- 
formed regularly. 

The time required for union of fractures of both bones of tie fore- 
arm may vary from six to ten weeks or even longer. It is gen e™? 
advisable to follow a policy of complete fixation of tie fracture ontll 
this result is obtained. Relaxed movements o! the wrist and elbow, 
preceded by gentle stroking massage, may usually be started one 10 
two weeks before the removal of the splints. The movements of I*®*' 
Uon and supination are the most difficult to recover, and. Indeed, »* 
often permanently restricted in greater or lesser degree, depending 
upon whether or not the reduction has been complete, the amount of 
cahua formation, and the extent of soft pan Injury nnd scar develop- 
ment in the interosseous space. The amount ot assistance that may be 
given In recovering ttae motions depends upon the surgeon’s *£ 
praisal o! the causes of limitation and how completely these may he 
overcome by gradual stretching. After removal the splints, baking, 
effieurage and assisted movements may be .riven and active nse pro- 
scribed. As a rule, after two to four weeks of taiZSce should 
UP0 " ‘ CtlV ' “ ttrdM: ’ a,!d liK ofl »r io^M phydSl therapy 

Fracture, of the Etbow.-Faxcrraus or tht Heap «n> Na* 
or tbs RADiua.-Fraaures of the head and necFofrh? radius awry 
the menace of restriction of the rotary motions of tSf forearm sod 
limitation of flexion and extension of the elbow 2nd demSd sped*l 
attention In order to preserve compute KSm TbeTS al* 
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operation was unnecessary. His results were confirmed by Pirie Wat- 
son , 14 who published the records and roentgenograms of two patients 
whom be had treated by Lucas-Championniire’s methods. In both 
cases there was well-marked separation of the fragments in the be- 
ginning, but bony union was obtained, although with some deformity. 
Recovery was stated to have been complete in from four to six weeks. 
The elbows were enveloped in cotton-wool dressings and supported in 
slings at a right angle; massage and mobilization were started imme- 
diately. Both Lucas-Cbamplormiire and Watson laid great stress upon 
the necessity of pressing the proximal fragment against the distal with 
the fingers daring motions of extension; otherwise the proximal frag- 
ment was likely to become adherent to the underlying tissues and thus 
interfere with function of the triceps. 

Fractures of the olecranon process without displacement may be 
treated in a sling with only bandage support, or at the most in ex- 
tension with a straight splint for one week followed by a sling. Mas- 
sage and mobilization should be started immediately, the motion being 
of the relaxed type for the first two weeks, followed by assisted and 
active movements. Use may be permitted at the end of four weeks. 


Fracturks of the Lower End of the Humerus. — Fractures of 
the lower end of the humerus include a variety of injuries, and it is 
necessary to consider these separately as the problems are different. 

Supracondylar or Diacondylar Fractures . — The majority of these 
fractures are encountered in children. The injury is generally diacon- 
dylar, that is, transverse at the level of the condyles rather than 
supracondylar or above the condyles. The fracture line slopes obliquely 
downward from behind forward, and except in the rare Injuries of 
the flexion type the distal fragment Is displaced posteriorly. When 
satisfactory reduction is obtained and even sometimes when it Is not, 
the end-results are almost always excellent with complete recovery of 
motion. The carrying angle may be somewhat altered, but this is of 
functional significance only when It is decreased, not when it is in- 
creased. The recovery of complete extension of the elbow is often 
slow, but with time it almost always becomes complete or at the most 
lacks only a few degrees of normal. 


Reduction should be accomplished as early as possible after Injury 
by the dosed method with the aid of anesthesia. Reduction is main- 
tained by firi ng the elbow In the position of acute flexion, either by 
bandage or by a posterior plaster splint. Care Is necessary in watching 
the circulation, both during the reduction and afterward, as this injury 
is the most common cause of the dreaded Volkmann’s ischemic con- 
tracture. Whenever there Is an absent radial pulse, or when the pulse 
disappears during the reduction, or when there is marked swelling 
correction of the bony deformity should be postponed and measures 
taken to improve the drculation. When the hand is cold and white and 
motion of the fingers cannot be obtained, and the pulse is absent, an 
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with accompanying rupture of the capsular ligaments and benutana 
formation. The fracture of the upper end of the radius adds to tic 
hemorrhage and releases bone-forming dements in tbe traunathd 
tissues, which offer ideal conditions for widespread ossification. Tic 
additional trauma of operation may further stimulate this process. Cer- 
tain it is that extensive calcification In the anterior capsule Is wra 
Infrequently In these fractures, particularly those that have been sub- 
jected to operation, and It may cause interference with function cn 
sometimes complete ankylosis. Tbe characteristic symptoms are 
diminution of motion Just at the time when an increase should be ex- 
pected, pain on use, and evidence of musde spasm. Tbe diagnosis » 
confirmed by roentgen-ray examination, which shows cloudiness or be- 
ginning ossification In the soft parts anterior to the elbow. When the 
development of this condition is suspected or found, the elbow 
be Immediately immobilized with cessation of all physical therapy** 
of activity of any kind that may represent a source of irritation. W 
when the process of ossification has reached an end-point can anytb^J 
be done to overcome the condition. Then baking, massage! and aciwe 
exercises may be started and active use resumed. After an Inter™ w 
one year, if considerable limitation of motion persists, the ares « 
caldfication can be excised with good chance of cure. 


Fractures or the Olecranon' Process. — Tbe treatment of fix- 
tures of the olecranon process depends upon whether or not there 
been separation of the fragments. In fractures with displacement “* 
situation is analogous to that In fracture of the patella, and we believe 
that the best results are obtained by operative replacement of the beg 
ments and suture. The purpose of the operation should be to fix the 
fragments so securely that movement may be permitted fmmediaW 
without the necessity of external fixation. The suture materiel tnnS 
therefore be strong enough to withstand considerable strain, sod « 
Uvor tbe use of either fascia lata or wire. When the fragments ii« 
drilled and snugly approximated with these materials, then tbe efto® 
may be flexed and extended without danger, and no postoperative 
fixation Is required beyond that provided^ a large, soft dressing 
sling. Active and passive mobfliaation may be started as soon as tie 
acute operative reaction has subsided. Manage may be administered 

", T 3 bv a ’»^ t ^T d h " he * fcd “d. ttiterbroroelca, may be ft* 
lowed by assLst«lmovements and active exercises in flexion and ex- 
tension of the elbow. Acuve use may be permitted at the end of <<*' 

SS,MoT™iTS«iL 0011 rKOVCty 11 obtained in If»> 

It is only fair to add that Lucasqnusmplonniire ■' who to his 1*>‘ 
°P' r »tive repair of fractures of tte 
patella and who earlier addsed operation also for fractures of U* 
olecranon, came '"ter to feel that the results obtained by his method 
of massage and mobilisation In tbe Utter Injuries toc so good flat 
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joint capsule, representing the spreading of ossification from small 
fragments evulsed with the capsular ligaments. Occasionally these 
calcified bodies must be removed, but this should only be done after 
thorough efforts have been made to restore function and it has been 
established that they are responsible for the persistent disability. 

Uncomplicated fracture of an epicondyle is usual!}’ a simple injury 
best treated by a sling and bandage. Massage and relaxed motion may 
be started immediately in adult patients but is scarcely needed in 
ch ildren. Active motion may be permitted at the end of one week 
and the sling may be discontinued at the end of two or three weeks. 
The fragment frequently fails to unite by osseous union, but this 
rarely gives rise to any symptoms. 

Condylar and Intercondylar Fractures . — Fractures involving a sin- 
gle condyle, either the medial or lateral, or of both the condyles in the 
form of the intercondylar T type are difficult injuries to treat, and 
rarely recover without some degree of functional impairment Accurate 
reduction should be sought by all possible means, but the problem is 
individual in each case, and no general rule can be laid down. Even 
the experienced surgeon must often proceed by the method of trial and 
error. The displacement may be insignificant, in which case no reduc- 
tion may be required, but this is rare. In others, it may be possible to 
secure satisfactory reduction by the manipulative method followed by 
fixation of the elbow in whatever position of flexion or extension seems 
best to retain the correction. In other cases, continuous traction may 
be indicated by means of adhesive to the skin of the forearm or 
Kjrschneris wire through the olecranon process, or It may be advisable 
to perform an open reduction. In some of the more difficult cases all of 
these methods may be tried in rotation, and the result may still re main 
unsatisfactory. While reduction is important, prolonged fixation of 
these fractures Is unwise and will result In stiffness of the elbow re- 
gardless of the perfection of the reduction. Some compromise has to 
be reached, and this generally resolves itself Into a choice between two 


plans of treatment; first: to secure reduction by manipulation or trac- 
tion, and to begin mobilization at the end of two to three weeks 
which is too early to render exercise treatment entirely safe; or sec- 
ond, to obtain reduction by operative means with internal fixation of 
the fragments by one or another method, but secure enough to allow 
of doing away with external splinting and of beginning mobilization of 
the elbow as soon as the acute operative reaction has subsided. The 
latter course has much to commend it, but it often proves impossible 
to reduce the fragments perfect!}’, and the additional trauma of the 
operation may occasion secondary fibrous tissue formation sufficient to 
impede complete recovery. 

. ® f e ^ ensivel >’ ““fluted fractures or in elderly individuals 
with injuries of a more simple type, it may well be the best doUcv not 
to afa fo. reductlonrrhich tcould be imperfect at beet, bu, CSdto 
to to develop function by employing maesage and mobUlrntfon from 
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incision should be immediately made at the front of the elbow to a- 
pose and release the vessels and to evacuate the hematoma and rdirve 
the tension. 

In the uncomplicated fractures the dressing should be taken down 
at the end of 48 hours and the elbow inspected. In the absence ol 
blebs, light stroking massage may be administered over the lateral, 
medial and posterior surfaces, and the elbow may be passively a- 
tended and flexed through a range of 10 to 20 degrees; the dressing 
are then reapplied. This treatment should be repeated 00 al ferrule 
days over a period of about three weeks, gradually gaining in extensile 
until the right-angle position is attained. At this time the splint or 
other dressings may usually be removed and a neck sling substituted, 
which is gradually lowered to the right angle. At the end of four weeks 
the mother may begin to remove the arm from the sling twice a diy 
and assist the child in performing active exercises. At the end of faff 
to five weeks all support may be discontinued and active use en- 
couraged. 

The difficulty in the use of physical therapy in this fracture is the 
age of the patient and the child's timidity and fear of pain. The confi- 
dence of the child can be obtained only by being careful not to cause 
pmn at any time, by bdng patient and by not hurrying. If “scenes 
result In spite of every effort, it Is better to give up all efforts at pbys- 
ml therapy. Also because of the fact that most of the patients are 
children, there is always the danger of a fall during play and of sec- 
ondary hi Jury, and this makes it necessary to protect the fracture fa 
a longer period than would otherwise be necessary. 

Lindsay has reported successful results from the early use of 
3r^^l ro0tl0I l in frBCtures of elbow, employing a m*t 
w T haVC foIlcr "tth I have had the pleasure of see- 

ing some of Lindsay’s cases, and the results appeared to correspond 
^ hadclaknetL I feel, ho^^that it is a very 
and hardly safe In ordinary hands. In general, 

turcs that it ia unne<!2^ 

elthe^lX “itSu cptamdyte, 

either in the form of a simple fracture or of an epiphysial seraratian, 
“ ? “™ <?Jury, fracture ol the a^rTmSylTis rare. 
“ ncTiS StL" dlSlK * Uon of STeltewM gives rise 

during the reduction, ta whkh^eT^ 1 K tra ' l £ ic f ir 

rvith It, there is likely to be InlSw^ 115 ' U “rrlra fhe ntaid nerve 
paralysis. An Immediate roem££^y ^ srith tha <iyacMlsU£ 
taring the reduction, to guard Lu^t T , 4r W H “?« Sr 

fragment fa shown to be lying in 

by operation fa indicated together with tr? ^°h lt ' }** rcmo> 

the front of the elbow. AnoZ^^LSr 1 ?? 11011 ° f 
Uon is the development ol cddfiSTEft* 
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advantage in attempting manipulative reduction with the aid of an 
anesthetic in the hope of being able to enmesh or to interlock the frag- 
ments. When successful, the after-treatment is simplified; when un- 
successful, nothing has been lost. When the fracture is either of the 
oblique or comminuted type, manipulative reduction is foredoomed to 
failure and ought not to be attempted. In these cases light superficial 
massage should be administered to relax the muscles, and then with- 
out any anesthesia the angular deformity should be gently corrected, 
and the coaptation splints and the dressings applied. As a rule, no great 
difficulty is experienced in controlling the alignment in this manner, 
and as the spasm of the muscles is overcome by dally massage treat- 
ments, the reduction becomes more and more perfect, the weight of 
the unsupported elbow providing a certain traction force. If any diffi- 
culty Is experienced In obtaining reduction, particularly in the oblique 
or transverse fractures, it is usually because tissue has been interposed 
between the fragments, and this is an indication for operative reduc- 
tion, usually with Internal fixation of the fragments by one or another 
method. Following operation, rigid splinting should be employed for 
the first two weeks, but after this, massage and mobilization may be 
begun. 

When possible, treatments should be given daily during the first two 
weeks, and thereafter on alternate days. They are best given with the 
patient seated, the back supported and the forearm Testing on a cushion 
laid across the patient’s knees. Massage of the superficial type should 
extend from the wrist to the shoulder, and, after relaxation is ob- 
tained, gentle passive movements of the elbow and shoulder should be 
performed, also not neglecting the fingers and wrist The motions of 
the shoulder should be made with the elbow and forearm supported by 
the physician's hands and carefully and in a limited way in order not 
to cause movement of the fragments. The last movements to be started 


are those of rotation of the shoolder, and these should generally be 
postponed until the end of ten days. All of the early treatment de- 
mands the greatest skill and judgment, and ought not to be adminis- 
tered by any one but the physician 'In charge. Healing progresses 
rapidly, and the changes can be followed from day to day, both in the 
appearance of the arm, the firming of the fragments, the’ development 
of callus and the increase of the range of joint movement. At the end 
of two weeks the fragments are glued together, and the circular body 
bandage can be discontinued. Callus formation is usually well 
vanced by the end of four weeks and demonstrable by roentgen ra 
Clinically, sound union is present at the end of five to six weeks an 
at this time the matter of administering further treatment may be 
delegated to a technician. It should include radiant beat superficial 
massage and effleurage, and active and assisted exercises for all the 
Joint, of the upper extremity. Occasionally the development of bonv 
union may require a UtUe eager time than the period stated, but this 
li rare, and the gratifying thing about this method of treatment I, Ok 
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the beginning. When this plan is adopted the arm should be suspended 
from an overhead frame with the patient recumbent, by means of ad- 
hesive traction to the forearm, and with the elbovr in right-angle flexion 
for the first week or two. This method relieves pain, helps to overcome 
swelling, and permits a certain amount of active flexion and extension 
of the elbow, Massage and passive mobilization should be administered 
dally, the traction being released temporarily for this purpose. At the 
end of two weeks the traction is discontinued, a bandage applied to 
the elbow, and the patient allowed to be up with the arm in a sling. 
Treatments should be given on alternate days with massage, passive, 
active and assisted movements. Passive and active exercises should be 
performed daily by the patient with the assistance of the uninjured 
hand. Active use for light tasks should be permitted at the end of four 
weeks, the sling may be discarded at the end of six weeks and full ac- 
tivity encouraged. I have seen some remarkable results achieved by 
this method in what were regarded as almost hopeless fractures. It 
seems as if some credence must be given to the theory that early mobil- 
ization dears obstructing fragments from the path of the olecranon 
and coronoid processes, and permits obtaining a range of function that 
would not be possible otherwise. 

Fractures of the Shaft of the Humerus. — Fractures of the shaft 
of the humerus lend themselves remarkably well to treatment by the 
method of early massage and mobilization. For a time after the Great 
War It was considered necessary to employ traction to secure reduction 
of these fractures, and It was only in the course of time that it became 
evident that even a slight amount of continuous traction might lead 
to distraction of the fragments, and that this was a frequent forerun- 
ner of delayed union or nonunion. Tbe alternative method of reducing 
the fracture by manipulation and retaining correction by the applica- 
tion of a plaster spica jacket is cumbersome and uncomfortable for 
the patient and ail too often uncertain, in that reduction is fre- 
quently lost during the process of applying the plaster. The old- 
fashioned but time-honored method of splinting consisting of long 
coaptation splints, preferably of molded plaster of parts, extending 
from elbow to shoulder with a bandage to the forearm to control 
swelling and a narrow cravat sling to support the wrist, supplemented 
during the flrrt week or two by a circular body bandage holding the 
arm to the chest, seems to me equally effective in maintaining align- 
ment and ha* the additional great advantage of being easily removable 
arid thus facilitating treatment by massage and mobilization. For It 
seems clear to me from actual experience that Lucas-Champlonnlire's 
methods when properly applied are capable of overcoming muscle 
jnasrn and thus improving the alignment of fractures of the shaft of 
the humerus, and of likewise Improving tbe circulation of the arm so 
that union i* hastened and earlier functional recovery obtained. 

When the fracture b of the transverse type, there may be some 
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advantage In attempting manipulative reduction with the aid of an 
anesthetic in the hope of being able to enmesh or to Interlock the frag- 
ments. When successful, the after-treatment is simplified; when un- 
successful, nothing has been lost. When the fracture Is either of the 
oblique or comminuted type, manipulative reduction is foredoomed to 
failure and ought not to be attempted. In these cases light superficial 
massage should be administered to relax the muscles, and then with- 
out any anesthesia the angular deformity should be gently corrected, 
and the coaptation splints and the dressings applied. As a rule, no great 
difficulty is experienced in controlling the alignment in this manner, 
and as the spasm of the muscles is overcome by daily massage treat- 
ments, the redaction becomes more and more perfect, the weight of 
the unsupported elbow providing a certain traction force. If any diffi- 
culty Is experienced In obtaining reduction, particularly In the ohlique 
or transverse fractures, it Is usually because tissue has been interposed 
between the fragments, and this is an Indication for operative reduc- 
tion, usually with internal fixation of the fragments by one or another 
method. Following operation, rigid splinting should be employed for 
the first two weeks, but after this, massage and mobilization may be 
begun. 

When possible, treatments should be given dally daring the first two 
weeks, and thereafter on alternate days. They are best given with the 
patient seated, the back supported and the forearm resting on a cushion 
laid across the patient’s knees. Massage of the superficial type should 
extend from the wrist to the shoulder, and, after relaxation is ob- 
tained, gentle passive movements of the elbow and shoulder should be 
performed, also not neglecting the fingers and wrist. The motions of 
the shoulder should be made with the elbow and forearm supported by 
the physician’s hands and carefully and in a limited way In order not 
to cause movement of the fragments. The last movements to be started 
are those of rotation of the shoulder, and these should generally be 
postponed until the end of ten days. All of the early treatment de- 
roands the greatest skill and judgment, and ought not to be adminis- 
tered by any one but the physician 'in charge. Healing progresses 
rapidly, and the changes can be followed from day to day, both In the 
appearance of the arm, the firming of the fragments, the development 
of callus and the increase of the range of joint movement. At the end 
pi two weeks the fragments are glued together, and the circular body 
bandage can be discontinued. Callus formation is usually well ad- 
vanced by the end of four weeks and demonstrable by roentgen rays. 
~nicaHy, sound union is present at the end of five to sir weeks, and 
at tins time the matter of administering further treatment may be 
delegated to a technician. It should Include radiant heat, superficial 
passage and efBeurage, and active and assisted exercises for all the 
of the upper extremity. Occasionally the development of bony 
may require a little longer time than the period stated, hut this 
rare, and the gratifying thing about this method of treatment is the 
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rapidity of healing in contrast to the slow healing with other methods. 
The surgeon should be on the alert, however, to detect any evidence 
of tissue interposition between the fragments and to subject patients 
with this complication to operative reduction during the first 14 to jo 
days. 

Radial nerve injury, which is a relatively common complication of 
fracture of the shaft of the humerus, necessitates no particular change 
in the program of treatment It is important to differentiate between a 
primary nerve injury, which is usually due to contusion or stretching 
of the nerve and therefore recovers promptly, and a secondary lesion, 
which is apt to be due to the nerve being caugnt between the fragments 
or to constriction by callus and hence requires surgical exploration. 
In all cases of radial nerve injury, stretching of the paralysed extensor 
muscles should be prevented by supporting the fingers and wrist in the 
position of hyperextension on a long cock-up splint. This should be re- 
moved during the treatments for mobilisation of the various joints. 

Fractures of the Upper End of the Humerus. — Fractures of the 
upper end of the humerus include a variety of bony injuries soch as 
fracture of the anatomic neck, fracture of the surgical neck, separa- 
tion of the upper humeral epiphysis, and fractures of the greater and 
lesser tuberosities. In addition, any of these injuries may be compli- 
cated by dislocation of the shoulder. A classification based upon 
anatomic situation is confusing, however, and of little practical value, 
as the majority of the fractures are extensively comminuted and in- 
volve more than one region. Fractures of the anatomic and surgical 
necks and of the greater tuberosity are frequently present in combina- 
tion in the same individual. From the practical standpoint It is more 
helpful to classify these injuries cm the basis of the presence or absence 
of bony deformity, as this has a direct bearing on the treatment. Alw 
there seems to be some degree of relationship between the amount of 
deformity and the type of fracture, displacement of the grosser sort 
being generally associated with the transverse fractures of the surgical 
neck, while slight or no displacement is more characteristic of the 
extensively comminuted fractures. The fracture-dislocations must also 
be considered in a separate group. 

Fractures Associated with Little or No Displacement.—' The 
large majority of the fractures with little or no displacement are made 
up of the comminuted fractures so commonly encountered In elderly 
Individuals and especially women. This type of Injury far outnumbers 
any other injury of the upper end of the humerus, and this together 
with its unfavorable age incidence accounts for its importance. The 
amount of comminution varies, but there Is generally a giving way of 
a considerable part of the cancellous structure with involvement of 
both the surgical and anatomic necks and fracture of the greater 
tuberosity as well. Disalignment is variable, and generally alight or 
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absent, but there are exceptions in which the shaft is displaced 
me diall y or laterally with overriding. 

The treatment of these fractures has undergone an evolution since 
the Great War. At first, with the lessons of the conflict in mind, It was 
considered necessary to splint the shoulder in a position of abduction, 
and this was accomplished either by the use of a Thomas splint or a 
so-called “airplane” splint Continuous traction was usually employed 
in conjunction with the splint, and this was obtained by the applica- 
tion of adhesive plaster to the skin. 

These methods either confined the patient to bed or necessitated 
the use of an encumbering appliance for several weeks, and often re- 
sulted in obstinate stiffness of the shoulder as a result of the long 
fixation. After trial of this method for several years, it began to be 
realized that the results were no better, if as good as those obtained 
formerly by other methods, and that it was unnecessary to subject the 
patient to this ordeal. For the last five years we have discarded these 
methods and adopted Instead the plan of treatment by early massage 
and mobilization. The arm is fixed to the chest by a s l ing and circular 
bandage, and no other apparatus is used. Hospitalization of the patient 
is advisable for a period of at least two weeks. Roberts 3 * studied the 
results, and these showed that complete recovery of function was ob- 
tained in almost all cases and in a much shorter time than when the 
shoulder had been fixed in abduction. In addition, this method of 
treatment has proved far more comfortable than the old and has 
avoided the necessity of recumbent treatment in the dorsal decubitus, 
which Is often unsafe in these elderly patients because of the danger 
of hypostatic congestion of the lungs. 

Massage of the light stroking type is administered when the patient 
Is first seen. The treatment is given with both the patient and the 


physician seated, the patient's forearm and elbow being supported on 
a pillow placed across his knee. The entire shoulder and upper arm 
are treated. When relaxation is obtained, gentle passive motions of the 
shoulder are made in abduction and adduction, flexion (forward eleva- 
tion) and extension. No rotary motions of the shoulder are attempted 
until the fragments have become glued together, usually at the end of 
two weeks. The treatments are best given every day for the first two 
weeks. At the end of one week a considerable range of motion is possi- 
ble without pain, and pendulum movements of the shoulder may be 
started. These are performed with the patient standing and bending 
forward at the hips, the arm hangin g free from the shoulder like a 
pendulum. In this posture the shoulder may be quite easily made to 
assume a position of 70 degrees forward elevation, whereas in any 
other posture it would be impossible to elevate the shoulder to this 
d egr« without pain. Gravity, acting in the long axis of the arm, exerts 
a traction effect upon the region of the fracture and thus protects it 
Active swinging movements of both shoulders are now made by the 
pauent In the anteroposterior plane (flexion and extension) then in 
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the lateral plane (abduction and adduction), and finally In a dicalar 
plane (circumduction). These exercises are repeated twice a day by 
the patient, and the number and extent of the movements are gradually 
Increased. Massage and passive movements are continued daily or oo 
alternate days. 

At the end of two weeks the circular bandage holding the arm to the 
chest may be discontinued and the arm supported only by a sling. 
The patient is encouraged to use the hand for such light tasks as are 
possible with the arm at the side. The treatments by massage and 
passive motion may be decreased to three times a week., but the pendu- 
lum exercises performed by the patient are continued twice dally. Pas- 
sive movements of the shoulder in rotation may also be started. At the 
end of three weeks the lensitiveness has generally disappeared and 
only the stiffness remains. The fragments are firmly cemented by soft 
callus. Radiant heat treatment of the shoulder may now be give® 
preliminary to the massage and passive mobilization, and also free 
movements of the shoulder in abduction and adduction with the padent 
recumbent may be added. 

At the end of four weeks a greater range of active use is possible, 
»nd the arm may be left out of the sling part time. Anything that may 
be done without pain is permissible. At this time the recumbent exer- 
cises of the shoulder are Increased by the addition of forward eleva- 
ttoQ > and rotation with the shoulder abducted. At the end of five 
TTr v ? untary with the patient standing erect may 

be begun. Weakness of the deltoid, infraspinatus and supraspimstus 
mtttdes, and stiffness in abduction and rotation persist for tome time, 
and these movements may be aided by wall-climbing with the fingers 
, W “nount of assistance from the technician. Care h 

always employed to avoid pain. At the end of six to eight weeks from 
may h® aidcd by the use of simple In* 5 
of appiratui A Mkt or wind four fret to length may be used; the 
Us . hand8 ' ’nib arms by bis side, and 
U>ra back-end forth to the lateral plant, the normal 

P^b the injured shoulder into abduction. The 
patient next swings the area forward and backward In the intero- 

jm.-ss.-s 

ride to ride In the lateral plarS th^rtoJ^ 4 * nd “ /T 

raged 

be enraged foe .be younger P.U 
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Upper End of Humerua 

ing an automobile for tie older ones. These help to recover the last 
few degrees of motion, but the normal uses of the arm with the shoul- 
der abducted or elevated are extremely few; hence, emphasis must be 
continually laid upon the necessity of keeping up active exercises 
until complete functional recovery is obtained. Normal use of the 
shralder is generally obtained in from eight to twelve weeks. 

Fractures Accompanied by D is p la cement . — Many of the frac- 
tures of the upper end of the humerus are accompanied by gross dis- 
placement of the fragments. These are usually the transverse fractures 
of the surgical neck or fractures involving the epiphysial line. The head 
or proximal fragment is generally rotated into the position of abduc- 
tion, while the distal or shaft fragment is separated from the bead and 
displaced sometimes laterally, but usually medially into the axilla with 
gross overriding. The brachial nerves or vessels may be injured. Some 
of the comminuted fractures are likewise accompanied by displace- 
ment, but unless the shaft is actually separated from the head, we 
believe that better results will be obtained from treatment by massage 
and mobilization as outlined above without any attempt at reduction 
rather than by treating them with the aim of correcting all deformity. 

Reduction of the deformity should be attempted as soon as possible 
after injury by closed methods, and when seen early, satisfactory 
replacement can usually be obtained. We believe from our own ex- 
perience that redaction Is rarely accomplished by continuous traction 
after the manipulative method has failed, and that in that case it is 
preferable to proceed forthwith to open operative reduction. 

Reduction is usually best maintained by constant traction with the 
shoulder abducted. Adhesive strips are fixed to the upper arm, a 
Thomas splint is applied and the strips connected to a traction weight 
of five to eight pounds. The splint should be suspended from an over- 
head frame, to facilitate change of position in bed by the patient 
Whenever possible the elbow should be fixed in right-angle flexion, 
as function Is recovered much more quickly than when it has been 
fixed in extension. An alternative method of splinting is that described 
by Blake consisting of traction and suspension, with the shoulder 
abducted to the desired degree. Fixation by one or the other types of 
apparatus must usually be continued for a period of about three 
weeks, at the end of which time the arm can be brought down to the 
side without danger of recurrent displacement When for any reason 
the patient must be made ambulatory at an earlier period, it is neces- 
sary to apply an airplane splint to maintain abduction. 

Since many of the displaced fractures occur In patients of youthful 
or early adult age, there is less danger of stiffness as a result of Im- 
mobilization of the shoulder t h an in the elderly patients with the com- 
minuted fractures, and a good anatomic result should be sought as the 
best foundation for good function. As long as the shoulder and arm 
are fixed by apparatus, physical therapy cannot be employed. The 
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m fPf 5iotl method of treatment allows a certain amount 
!v? mo , tion > however, which to a considerable degree 

, 'L“ 5 - ' Vhe ? thc apparatus Is removed the patient is per- 
° UT yi |, 8: a™ In a sifng, and at this time massage 

^ ™ , \Z ™ y «* stort « l - The **»l 

J!*P? „ J®,*” 1 described previously for fractures without displace- 
“j !or ,be difference that it is started two to three wreks 

resnonsa tnsteirf 0 ^? 00 t * c P c “ds upon the rapidity of the functional 
response tnstead of the speed of callus formation. 

e h oi d d or 'f n *."!? 0 N 3 - — The occurrence of dislocation of (he 
Ss fdd^J^2’ i ° ati0n ^/racture of the upper end of the hu- 
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TOlvSIh^ aSSSTki' “^Woeattao In which the fracture to- 
which the (Lrt« \ u ^ eT °^ i y Qr e much more favorable than those in 
wrtant for lnv ? Ives Magical neck, however, and It is to- 

Dislocations^^ k treatment to diflerentinte between them, 
the (treater tuber™ °f l/,c Greofer Tuberosity. — Fracture ot 

the shoulder the bonJ 3 B fr ? <I ' l ' nt accompaniment of dislocation of 
muscuUr attachmerv^ y . PJotamence being retained in posidon by its 
glenoid This Iniurv st^"fu ? ft ^‘"d as the head displaces from the 
and re P larS,„l U 2 n !l tu nn ^ re8ttd * Jmmediat ' doMd 
the traction method * accomplished by either Kocher’s or 

reposition of tto^ct^Sv 0 " °h ** dislocation also brings about 
that after ImmobUhatton l*? 2*?““™ opposition of the fragments 
redispln cement may be 5sraL,!5uJ* ri ? ) of °" c wwk 0,1 danger 0 
sage and mobfliiation and lke >houl < ier treated by mas- 

S with the S Z Z STS h r? CUr ' d by and circular band- 
corresponds in ah respect* to P 70 # 73 ™ of physical treatment 

end of the humerus -without ^i° UUincd for fractur « of the upper 
part of the patient, complete J^kcemenL Wth cooperation on the 
pected in from eight to twelve »^ ery ^ unct ^ on can usually be ex- 
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dislocations of the shoulder in Lhi E umer **< — Fracture 

the humerus is fractured rcnr**^ 8Ut 1Pcal or anatomic neck of 
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inclined to favor replacement of the head whenever possible as the 
better policy. 

Irrespective of whether the head Is replaced or removed, the after- 
treatment necessitates fixation of the shoulder in a position of abduc- 
tion for a considerable period, and this is usually accomplished by 
Blake’s method of traction and suspension, followed later by the use 
of an airp lan e splint. In the cases where reduction of the head has 
been accomplished by the closed method, the period of splinting is 
usually about three weeks. When the head has become separated from 
the shaft and has had to be replaced by open operation, the period of 
fixation is necessarily longer in order to permit revascularization from 
the distal fragment to take place and union to become firm — generally 
from six to eight weeks. When the head has been excised the shoulder 
should be maintained in abduction by the method of traction and sus- 
pension for a period of about three weeks, at the end of which time 
massage and mobilization may be begun. 

Physical therapy can be begun only after the removal of all appa- 
ratus, and follows in a general way the program previously outlined 
for fractures of the upper end of the humerus without displacement. 
Since the treatment is begun later, the response will be retarded, and 
the program must be guided chiefly by the progress of the patient and 
accelerated only as rapidly as the gain In movement justifies. Pain is 
the warning signal and indicates when the treatment is being pushed 
too rapidly. Avoidance of pain should be the guiding principle. 


Fractures of the Shoulder Girdle. — Fractures op the Clavicle. 
—Fracture of the clavicle Is a common but generally benign injury. It 
is encountered with the greatest frequency among children, the age 
period in which following injury, function is recovered rapidly. Except 
in the rare instances of fracture of the extreme outer tip of the clavide, 
the injury does not implicate any joint. In addition, the function of 
the clavide is a simple one, merely that of providing a strut to hold the 
shoulder outward and backward, a function that is restored by the con- 
solidation of the fracture even with deformity. For these reasons frac- 


ture of the clavide is rarely followed by any permanent disability. 

The most common site of fracture is the middle third. Complete 
fractures In this region are generally accompanied by considerable 
deformity, the outer fragment being displaced forward, inward and 
downward with overriding. Reduction is readily accomplished by draw- 
ing the shoulder upward, outward and backward, and retaining it in 
that position. The old Sayre and Velpeau dressings proved unsatis- 
factory In retaining reduction and had the additional disadvantage of 
immobilizing the shoulder. They have now been superseded dv a 
variety of apparatus, each of which seems to maintain the fragments 
m satisfactory position while leaving the shoulder joint free From our 
own experience we recommend the figure-of-8 plaster bandage to both 
shoulders or some form of the clavicular T splint. When properly 
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traction and suspension method of treatment allows a certain amount 
of shoulder and elbow motion, however, which to a considerable decree 
offsets this loss. When the apparatus is removed the patient is per* 
mitted to be up, carrying the arm in a sling, and at this time massage 
and mobilization treatments may be started. The general program cor- 
responds to that described previously for fractures without displace* 
meat, except for the difference that it is started two to three weeks 
later, and the progression depends upon the rapidity of the functional 
response instead of the speed of callus formation. 


Fracture -Dislocations. — The occurrence of dislocation of the 
shoulder in combination with fracture of the upper end of the hu- 
merus adds a serious complication to the latter injury and unfavorably 
modifies its prognosis. Fracture-dislocations in which the fracture in- 
volve the greater tuberosity are much more favorable than those in 
which the fracture involves the surgical neck, however, and it b im- 
P°^ n ^ f° r purposes of treatment to differentiate between them. 

Dislocations with Fracture oj the Greater Tuberosity.— Fracture of 
the greater tuberosity Is a frequent accompaniment of dislocation of 
the shoulder, the bony prominence being retained In position by its 
musodar attachment* and left behind as the head displaces from the 
glenoid. This injury should be treated by immediate closed reduction, 
*? d replacement can usually be accomplished by either Kocheris or 
the traction method. Reduction of the dislocation also bring* about 
W™ ?L the l 5f ctn I r ® ^ 8Uch secure apposition of the fragments 
that after immobilization for the period of one week the danger of 

^tlTni^L^T^ r ? arded “d shoulder treated by mas- 
Fixation is secured by sling and circular band- 
^ tbe tode * program of physical treatment 
outlined f° r fractures of the upper 
^dof |he humerus without displacement. With cobperation on the 
complete recovery of function canusually be ex- 
pected in from eight to twelve weeks J 

f 0/ tkt ' N "k oj the Humerus.-?™*** 
S fa Whkh 1116 or anatomic 0f 

Uw humerus is fnaured represent a much more difficult problem- 

'5° u,d ^ traction 

method, aided oy pressure on the Vw-nri k,, *v. 1 . e„. 

axilla. Complete replacement is obtained ®° I ? erator ^ 8 d* t f 
but more often to tod aeparatealran to T?** 'j'-Sfta 
the glenoid cavity leaving the bead behind VwSl 
tlve reduction b Indicated, but this rito, .n. 
bead, which haa been cut off ft^^S ° f 

jerved and replaced In tbe glenoid, or thould U-rc^ y '~t Evdtcv 
b likely to prove unaatblactory aa Iar„tunr„„n,Ei 
cored, and considerable restriction of motionht^Ir a 

tion U to be expect On to baab 
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inclined to favor replacement of the head whenever possible os the 
better policy. 

Irrespective of whether the bead Is replaced or removed, the after- 
treatment necessitates fixation of the shoulder In a position of abduc- 
tion for a considerable period, and this is usually accomplished by 
Blake’s method of traction and suspension, followed later by the use 
of an airplane splint. In the cases where reduction of the bead has 
been accomplished by tbe dosed method, the period of splinting is 
usually about three weeks. When the head has become separated from 
the shaft and has had to be replaced by open operation, the period of 
fixation is necessarily longer in order to permit revascularization from 
the distal fragment to take place and union to become firm — generally 
from six to eight weeks. When the head has been excised the shoulder 
should be main tained in abduction by the method of traction and sus- 
pension for a period of about three weeks, at the end of which time 
massage and mobilization may be begun. 

Physical therapy can be begun only after the removal of all appa- 
ratus, and follow's in a general way the program previously outlined 
for fractures of the upper end of the humerus without displacement. 
Since tbe treatment is begun later, the response will be retarded, and 
the program must be guided chiefly by the progress of the patient and 
accelerated only as rapidly as the gain in movement justifies. Pain is 
the warning signal and indicates when the treatment is being pushed 
too rapidly. Avoidance of pain should be tbe guiding principle. 

Fractures of the Shoulder Girdle. — Fractures of the Clavicle. 
— Fracture of the clavicle Is a common but generally benign injury. It 
is encountered with the greatest frequency among children, the age 
period in which following Injury, function is recovered rapidly. Except 
in the rare instances of fracture of the extreme outer tip of the clavicle, 
the injury does not implicate any joint In addition, the function of 
the clavicle is a simple one, merely that of providing a strut to hold the 
shoulder outward and backward, a function that is restored by the con- 
solidation of the fracture even with deformity. For these reasons frac- 
ture of the clavicle Is rarely followed by any permanent disability. 

Tbe most common site of fracture Is the middle third. Complete 
fractures in this region ore generally accompanied by considerable 
deformity, the outer fragment being displaced forward, inward and 
downward with overriding. Reduction is readily accomplished by draw- 
ing the shoulder upward, outward and backward, and retaining it in 
that position. Tbe old Sayre and Velpeau dressings proved unsatis- 
factory in retaining reduction and bad tbe additional disadvantage of 
Immobilizing the shoulder. They have now been superseded by a 
variety of apparatus, each of which seems to maintain the fragments 
in satisfactory position while leaving the shoulder joint free. From our 
own experience we recommend the figure-of-8 plaster bandage to both 
•boulders or some form of the clavicular T splint. When properly 
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applied, either of these dressings main Urns reduction and yet permits 
maximum freedom of the shoulders. In the case of women desirous of 
avoiding all possibility of a visible prominence at the site of the Pic- 
ture, recumbent treatment may be advised for a period of two to^thrtt 
weeks with the shoulder fixed in wide abduction by Blake’s method oi 
traction and suspension. Nonunion is an occasional compiiaiuflD ot 
fracture of the clavicle but is almost always the result of interposition 
of tissue and failure to obtain reduction. _ 

With either the figure-of-8 plaster bandage or the clavicular I 
splint, a sling is worn for the first three or four days to support 
arm, but thereafter la removed and active use of the arm and •houHier 
permitted. Since the shoulder is not immobillxed, function is ma 
tained, and there is no need for physical therapy. Active e,en 'kf* 1° 
strengthen the muscles controlling the shoulder, upper arm and shoul- 
der girdle may be prescribed with benefit in the convalescent stage 
after the splinting has been discontinued. 


Fractures or the Scapula. — Fractures involving the body of the 
scapula are usually of the comminuted type and are associated ^ 
considerable damage to the muscles covering the scapula, namely, tne 
supraspinatus, infraspinatus, subscapularis, teres major and minor, sm 
the rhomboid muscles. The effects of the injury are also likely to ex- 
tend to the subscapular bursa, with resulting adhesions and in ter ‘ 
ference with rotation of the scapula upon the chest wall. Displacement 
of the fragments is limited by their muscular attachments, and the 
amount of bony deformity fa rarely sufficient to cause limitation ol 
function. Even with extreme deformity, it fa generally impossible to 
correct it because of the extreme comminution. The treatment gen- 
erally consists of fixation of the arm to the side by sling and circular 
body bandage. 


Physical therapy may be atarted at the end of one wrak In the fa® 
of light superficial massage and paaslve mobilixation. Massage should 
be administered, with the patient seated, to the region of the scapula, 
the lower neck, shoulder and upper arm. This should be followed by 
passive mobuiaation of the shoulder girdle and shoulder. Treatment 
may be given daily during the second week, and thereafter on alternate 
days. At the end of three weeks, aasisted movements may be started, 
and active eaerdsej may be prescribed at the end of four weeks- 
Applications ol radiant heat may be given with benefit preceding it* 
treatment from the end of the third week. 

Recovery of function Is often .low following fracture of the sc*po^ 
due to the extensive fibrotlc changes in the icapalar muscles, and may 
require three to four months. Exercises should be continued through- 
out this Petals * nd . apparatus Is often beneficial, such ** 

wand exercises , work with the weight and pulley, golf practice, etc 



Lower Extremity 


ch*»t*T *] 7 1 

voiw ni 


FRACTURES or -me LOWER EXTREMITY 

The functions of the lower extremity are of a highly specialized type 
and have to do chiefly with weight bearing and locomotion. Weight 
bearing necessitates the ability to support for long periods of time the 
constant thrust of the body weight and also of whatever additional bur- 
dens are carried by the arms, back or shoulders. When the body Is In 
locomotion, this weight Is shifted from one leg to the other and in 
r eali ty sustained by one leg at a time. The functional demands upon 
the skeletal apparatus of the legs are therefore quite different from 
those made upon the arms, the former involving heavy and sustained 
duty and, above all, the ability to withstand end-thrust. The legs are 
able to support this load because their structure is admirably adapted 
to that end. The axes of the bones of the legs stand In nearly perpen- 
dicular relationship to the joint surfaces. The broad articular surfaces 
of the knee and ankle lie in the horizontal plane and are parallel to 
each other. The thrust is evenly distributed and is transmitted from 
one segment to the other with minimal strain upon the ligaments. In 
addition, the arched arrangement of the foot provides a tripod type of 
spring support which serves to cushion the weigh! Impact with each 
step. 

The structural relationships are so completely harmonious that any 
alteration produced by a skeletal fracture is likely to be attended by 
serious consequences. Angular deformity of the femur or tibia changes 
the weight distribution at the proximal and distal articulations so that 
one or more of the ligaments become strained, resulting sooner or 
later In painful function. There is uneven bearing of the joint sur- 
faces with excessive wear at certain parts leading to degeneration of 
the cartilage, proliferative changes at the joint margins, and finally 
resulting in the characteristic picture of a localized hypertrophic or 
traumatic arthritis. Simple lateral displacement, provided that the axes 
of the fragments retain their perpendicular relationship to the joint 
surfaces, Is much less disabling even when accompanied by a little 
shortening because It does not alter the direction of the weight-thrust. 
Shortening is un esthetic and can be avoided, but as long as this does 
not exceed one inch, It can be readily corrected by the addition of a 
small lift to the shoe, which results in little functional impairment 
even for heavy work. 

The locomotor function requires only a moderate amount of move- 
ment of the ankle, knee and hip. In ordinary walking the knee is 
rarely flexed more than 4 S degrees, and the arc of ankle motion 
rarely exceeds 10 to 15 degrees. A greater range of motion Is neces- 
sary for running and for ascending 01 descending stairs. Stooping 
kneeling and sitting call forth a still larger amount of motion in cer- 
tain joints, but except for the purpose of athletic competitions the fuD 
range of possible joint movement is seldom utilized. The ordinary In 
dividual can therefore tolerate a certain degree of limitation of the 
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.novesem. of the hip, knee or ankle with little function^ lose; 
even complete ankyloeij of one of these Joints, P r 0 , vide ^ i 1 , th f t JLS 
fixed in the position of optimum function, constitutes but a 

The practical conclusion to be drawn from these observations J? tost 
in dealing with fractures of the lower extremity, preservation 
etal alignment is more Important than restoration of ctrmpJ^ 
mobility. This does not mean to imply that one should not aim 
restoration of movement, but that early mobilization of the 
tkras should never be prescribed if it involves the slightest risk 
turbing the alignment. Fractures of the shafts of the long bo 
leg require a considerably longer period for consolidation than 
of the arm, and until the union is fairly firm there Is aW 0 ‘^V t *^jT. 
of displacement For this reason it is rarely safe to treat 
juries by massage and mobilization until consolidation 
advanced. In respect to restoring function, chief ren®?** 
placed upon such mobilization as may be obtained in conjunaa 
the traction-suspension method of treatment or upon the stim 
produced by the use of weight-bearing appliances. In general , 
massage and mobilization are of chief benefit in fractures in'- 
the ankle and knee, but even here they must be employed onty 
certain safeguards and limitations. It therefore follows that tne 
of physical therapy in the treatment of fractures of the loWCT _. 
tremlty is very different from that In the upper extremity. Its use 
frequently be delayed until the end-stage, when it is of snum w » 
and In the interval, substitutes must be employed. While this a ^ 
In a general way, we must not overlook the occasional instance* 
which early pbysicnl therapy can be employed with advantage, 
tkm of the fracture and immobilization of the Joints can be just 
much overdone In fractures involving the leg as in those of the arm* 
applying physical therapy to the lower extremity, attention must 
paid to all the joints; the foot and ankle must not be neglected 
treating the knee, nor should the knee be overlooked when tremmg 
the hip- Also, greater emphasis Is to be placed upon active ucrc T” 
performed regularly by the patient than upon massage or pa*® 
mobilization. 


Fractures of the Foot.— The arches of the foot are flexible Instead 
of rigid structures and depend for their support upon a balanced rela- 
tionship between the strength of the different groups of muscW- 
Normally, tbe Inverting or supinating muscles are stronger than to® 
everting or pronatlng muscles, and tests of muscle strength show a 
ratio of 413 1 ° favor of the former. Weakening of the supinator mu ®^ 3 
results in loss of support of the arch and pro nation of the foot Frac- 
tures of the bones of the foot disturb its function not only by altera- 
tion of Its skeletal structure but alio by the Inevitable weakening of 
the rrtusdes that results from immobilization or lack of use. When 
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weight bearing is resumed, the foot may pronate ; and in the absence 
of proper support, ligamentous strain may result. 

It is therefore an Important matter to guard against disabilities 
of the foot after any bony Injury of the lower extremity. Shoes of 
ample size and proper shape should be fitted. In the beginning, sup- 
port of the arches may be necessary and may be provided by building 
up the inner side of the heel one-quarter inch or by fitting a podded 
leather insole or some other type of arch support. If there is flattening 
of the anterior arch, a leather metatarsal bar three-quarters of an Inch 
wide and one-quarter inch thick may be nailed across the sole to re- 
lieve pressure upon the heads of the metatarsals, or an anterior foot 
cuff of leather may be employed. In addition, special foot exercises 
should be prescribed to strengthen the supporting muscles, the in- 
vertors and the toe flexors. A satisfactory group of exercises Is as 
follows: 

i. S tanding with the feet bare, rise slowly on the toes of both feet 
and down again. (10 times.) 

3. Stand on small platform or a thick book with the toes project- 
ing over the end. Flex all of the toes downward strongly and return, 
(io times.) 

3. Sitting, cross one leg over the opposite knee and perform circular 
rotating movements with the foot. Plantar-flex the foot, rotate the toes 
inward (invert), dorslflex the foot, rotate the toes outward (evert) and 
plantar-flex. (A completely circular movement should be made ten 
times with each foot.) 

4. Roll a small towel lengthways, place it on the floor under the toes 
and curl the toes in plantar flexion over it, trying to grip and squeeze 
it. An alternative form of this exercise is to pick up a marble from the 
floor, grasping it with the flexed toes, lifting the leg, inverting the foot 
and dropping the marble in the hand of the opposite side. (Each exer- 
cise should be performed ten times with each foot) 

Fractures op the Phalanges and Metatarsals. — Fractures of a 
single phalanx or of one metatarsal represent simple problems and sel- 
dom result in disability. Bony deformity Is often lacking, but when 
present should be corrected by the dosed method and the part 
splinted with felt strips or a cardboard roll fixed with adhesive plaster 
and bandage. Elevation Is necessary to counteract swelling. Physical 
therapy is not indicated In the treatment. 

Multiple fractures of the phalanges and metatarsals resulting from 
crushing injuries are unfortunately fairly common and present more 
difficult problems. They are often compound and frequently necessi- 
tate the amputation of one or more toes because of drculatory impair- 
ment and gangrene. There is often gross displacement of the bones. 
Such injuries require treatment by continuous traction obtained either 
by adhesive plaster fastened to the skin of the toes or by pins or wires 
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movements o! the hip, knee or nnkle with little (unrtlonal ks,\ vA 

even complete nnkylojlj of one ol these Joints, 

faetl in the position of optimum function, constitutes but a smau 

'^Thr practical conclusion to be drawn from these ol>5 "” 1 .^ ' i* 
in deal nc with fractures of the lower estremlty, preservation MW? 
Sal allotment Is more Important than restoration ot cmf* 
mobility. This does not mean to Imply that one : shouM not a ^ 

restoration of mos-cment, but that early mobilization oftbe 
tians should never bo prescribed If It in wives the slightest ns 
turbine the alignment. Fracture* of the shafts of the long 
leg require a considerably longer period for consolldai ttat 
of the arm, and until the union is fairly firm (here b olwa> 
of displacement. For ihb reason h b rarely safe to « 

juries by massage and mobilization until consolidation 
advanced. In respect to restoring function, chief reliance 
placed upon such mobilization as may be obtained In C0 "J un 5r ..uitgo 
the traction-suspension method of treatment or upon the sum 
produced by the u*e of weight-bearing appliances. In &rxn > 
massage and mobilization arc of chief benefit In fractures in 
the ankle and knee, but even here they must be employ rd on 7 
certain safeguards and limitations. It therefore follows that t 
of physical therapy in the treatment of fractures of the |a?rt ^ 
trmlty Is very different from that In the upper extremity. Its w* 
frequently be delayed until the end-stage, when It U of »mau • 
and in the interval, substitutes must be employed. While tow** 
in a general way, we must not overlook the occasional m<taoc« 
which early physical therapy can be employed with advantage- 
tlon of the fracture and immobilization of the Joints can be jasi _ 
much overdone in fractures involving the leg as in those of the arm. 
applying physical therapy to the lower extremity, attention m 1151 . 
paid to all the Joints; the foot and ankle must not be neglected w 
treating the knee, nor should the knee be overlooked when treatmis 
the hip. Also, greater emphasis is to be placed upon active cxerosc’ 
performed regularly by the patient than upon massage or paS5rrc 
mobilisation. 


Fractures of the Foot— The arches of the foot ore flcdblc In 3 "* 1 
of rigid structure, and depend for their lupport upon a balanced 
tionshlp between the strength of the different groups ol mine* 3 - 
Normally, the Inverting or aupioating muscle* are stronger than toe 
everting or pronatlng muscle*, and tests of muscle strength sto* 
ratio of 4--3 I® favor of *be former. Weakening of the supinator muse** 
results In loss of support of the arch and pronatkm of the foot. F rflC ’ 
tures of the bones of tbe foot disturb its function not only by altera- 
tion of Us skeletal structure but also by the inevitable weakening ol 
the muscles that results from immobilization or lack of use. When 
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three to six weeks. In addition, active exercises should be prescribed 
to mobilize the stiffened joints and develop muscular control and 
strength. These should include exercises for the knee and hip as well 
as for the foot and ankle. Progress is likely to be slow and depends a 
great deal upon the patient’s ability to cooperate. Recovery of func- 
tion in a period of six months is to be considered as an excellent 
result. 

Fractures of the Ankle. — Fractures of the ankle present a wide 
variety of clinical types and occur in varying combinations of fracture 
of one or both malleoli, or of the articular margins, diastasis of the 
tibiofibular junction, and displacement of the astragalus in the out- 
ward, inward, backward or upward directions. They may be accom- 
panied by no bony deformity or by very gross deformity. It is not 
within the scope of this article to discuss the classification of these 
injuries or to consider their surgical treatment in detail, but it is im- 
portant to point out that an exact diagnosis, not only in respect to the 
structures involved but also as to the mechanism by which the injury 
was produced, is the necessary cornerstone on which to build a sound 
plan of treatment We will limit our remarks to a consideration of how 
the treatment of ankle fractures may be aided by physical therapy. 
To facilitate this purpose we will divide these injuries on the basis of 
the presence or absence of bone deformity. 

Fractures or the Ankle Without Displacement. — Many of 
the fractures of the ankle are accompanied by slight or no bony dis- 
placement. Such injuries are usually complete fractures, but the frac- 
turing force has stopped short of that necessary to rupture the liga- 
ments and the astragalus has remained in the ankle mortise. The most 
common Injury in this group Is the oblique fracture of the external 
malleolus resulting from external rotation of the foot. 

Many of these fractures have been overtreated, and In certain in- 
stances have been kept continuously immobilized for periods of many 
weeks. There is no necessity for prolonged fixation, and this only 
leads to lengthening of the disability period. On the other hand, it 
is not advisable to permit active use or direct weight bearing except 
in the very minor sprain- fractures where small flakes of bone have 
been tom off by the ligaments. In such cases the ankle can be pro- 
tected by an adhesive strapping and use permitted. 

For the most part, however, weight bearing would result in strain 
at the seat of fracture and would be productive of Irritation and pain. 
In some cases it might lead to actual displacement. The fracture should 
be protected by the application of a plaster casing holding the foot in 
a neutral position, and this should be split immediately to permit 
mobilizing treatment. A steel stirrup (Bffhler) can frequently be in- 
corporated in the posterior half of the plaster, and walking may be 
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K Si, ' Phalanges. A plaster cast l< applied from the lots 
I h “ ">/'■ hno,, ln ™n»«!nf In the from portion, and In 
ii i’ 11 ' T" arc flml ™«t” °l elastic rubber bandt. 
S , , n V ,< 1 tc , 10 m ‘ 1 - 1 ‘hr anterior arch ami prtvnl the 

* l , ' llnru! b ' ,n >’ prominences on the plantar surface. 

tW^U h T?n, C< ' n ** 'aaplojol Ire fore the end of tiro lo 
i hcI, f C< "” ,t5 ° r con| ra<t baths lo stimulate 

t n , c,lv ' 1 r,frc1 ^ •» rr>lr) re flexion am! extension ol 

r? 1^1° d f™ la P <h f muKt '* supporting tlie arch. Wright bear- 
" n i“¥ ,h °? «*«l. »Hen Indicated, with a support for the 
“!f mm ?h?'nt? y ^ P f™ l ". rtl nt ,h( ' «*l nl four to five tcetha. Mas- 
thf hrods^f " m ? l,m ela(r adherent scars, also In moMirfa* 
terlor”rch. mcU " aru,!1 “"<1 restoring the flexibility of the am 

luL^V^ ^ A! ; c ’ s akb Oritc* Tanat Doves.— F rac- 
nnd often r>crmm!.n(i "jr™?* 1 ” or <ar, nl fc aPl' ofl i bone arc common 
particularly nntort ^ rhsahttn^ Injuries, those of the os raids being 

otlmated ns high as 'll?' 'f"* a " d " p » *""1"*? 

each of these Snhiri™ 1 . K15 enl of 1,11 fractures. The treatment of 
our limited spare birondemnt 5 P < ^' 1,( '«1 »ntl cannot be outlined fa 
complete corrcctln^faj r m r^lng the Importance of as early and 
the period necessarv tnnhTP^l. “ ' w ” ll>, e and ol Immobllljatlon for 
trrefa " fw ■*»«»& usually a matter nl right 

plaster casing, and because nfaii’ b >’ H* applkatfcm ol a 

therapy before coISMon r of C /l, n;,d f ,i ' ;lbni ' > L 0, Nt inn > n S P 1 ^ 
particular importance to mite , l , fra cture has occurred. It U of 
fa ordeT to Stimulate the drculatw, < i f ,rd R h( - 1 >carlng pads or stirrups 
bone atrophy. When the fmri,™ , ln >“nc manner and to counteract 
aloscanhoid nrUodotJoiia trl.c r invo| ues the subastragalar or astrag- 
these Joints, an operation in eeTH”™ 6 c ‘bm'age to the function °> 
may be Indicated fa order to mv 2?* t™ 0 or *he other of the Joints 
of fracture or dislocation 0 ! theV.t ■ B ,0 ' lm of Pain. In the case 
tlon of astragaleetomy mav he til!!!? oflcn compound, the opera- 
After the removal of the 

large, easy shoe nt first svitb rhe s 6 ” 1 bearing Is permitted la » 
fares or the os calds It mas- he .55 °[ 1 cnlt ches. In the ease ol frac- 
hrace, fixed (0 the shoe, far the ™?^ We <0 °PPly »n outside Jointed 
the foot for a short period. If tfo,??’’ 4 ' 01 l,mit W lateral mobility ol 
the foot. It should be prevented bv fa 1 ” ,<, ency tonurd pronation of 
one-quarter inch on the to Mr jm 7 {"e use °[ a Thomas heel elevated 
obstinate swelling of the foot Md ' , ™ banning there Is apt to be 

queat elevation o! the leg, contrast Jmfr,1“° Uld ^ counteracted by Ire- 
the use of a woven elasUc bandaee t g a U,t f 001 twl ce daily and 
massage at two-day Intervals is by radiant heat eod 

and overcoming swelling but shoulriZT s® "’'“ring the circulation 

continued for more than 
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patient ten to fifteen times twice daily, and during the intervals the 
plaster window should be replaced and fixed with straps. 

The second alternative is to adopt the method of BShler and apply 
an unpadded plaster casing fitted with a steel stirrup for weight bear- 
ing. This may be done either immediately after the reduction or only 
after the use of a padded casing for the first week or two, for the sake 
of safety. Walking In this plaster Improves the circulation and con- 
tributes a good deal to the early restoration of function. In some in- 
stances both of these procedures may be combined. 

Generally the consolidation of the fracture is sufficiently advanced 
by the end of four weeks to permit the dally removal of the splints 
and treatment of the entire part by massage and mobilization. The 
treatment should be given on an average of three times a week and 
should Include both passive and assisted movements. Active exercises 
may be prescribed at the end of six weeks, preceded by contrast .baths, 
and the splints may be discontinued. Unprotected weight bearing 
should not be permitted before the end of eight weeks; thereafter, 
active use and exercises are all that are needed to restore function. 


Fracture* of the Bone* of the Leg. — Fracture or the Febula 
Alone. — Fracture of the shaft of the fibula represents a minor type 
of Injury, and we have never seen it give rise to any permanent dis- 
ability. It only requires protective splinting for a week nt most — the 
period during which unrestricted activity of the leg would be produc- 
tive of pain. The displacement is unimportant and does not necessitate 
any attempt at reduction. It was In the treatment of this fracture that 
Lucas -Championni^re made his trials of massage and mobilization with 
such brilliant results, and it is likely that the best results even now 
will be obtained by following his methods. Massage and mobilization 
may be administered from the beginning, and after one week all splint- 
ing should be discontinued. Wright bearing may be permitted at the 
end of two to three weeks. 


Fracture of the Tibia Alone. — Fracture of the shaft of the tibia 
without accompanying fracture of the fibula is a much less severe in- 
jury than fracture of both bones of the leg. The intact fibula limits 
the amount of displacement, and after reduction is accomplished be- 
comes a sustaining factor in helping to maintain reduction. But the 
very reason that makes it helpful in these two instances renders It 
an obstacle that must be overcome in securing reduction of a displaced 
fracture, since it prevents the effective use of traction in restoring 
alignment When reduction Is indicated, it can usually be accomplished 
by tbe dosed manipulative method, but occasionally direct skeletal 
traction to the tibia or open reduction may be required The align 
mem Is usually maintained by tbe application of a plaster casfcura- 
tervdmg from the toes to the upper thigh. 
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permitted with this support when the two halve* nl the platter ire 

! ' tr ThTrtiQ*f Important pan ol the treatment, huvrrvrr, I* 
mobilization. Tld! should begin Immediately i niter l n i u 1 ^ . 
be continued on alternate day 5 thereafter. Jhc mmage ^ 

the light stroking variety am! ndminbtrrrd not only to the rt^on 
the ankle but to the fort nml leg a. well. It 
eentlc passive mobilisation, and after the end of the or>t 
motion may be given. Active una^istctl rxrrcbc* may be ■ 
the end of two works and should be performed at home t 
preceded by contrast Imthing. Gcnrrally there U 00 . nec J , ^u^un- 
Inc protection after the end of three to four wcek% hm a * , 
protected weight bearing should not be permitted until the ena 
weeks. 


Fractures of nin Ankle with PisrMcr.air.NT.—- In r. 

turcs of the ankle with displacement, the pretlomlnant requir 
careful reduction of the fracture with complete correction oi 
formlty. It may be positively stated that without complex r . u. 
the function of the ankle will never be satisfactory* Reduction 
sought as early as possible after Injury, and can usually w ! . 

pllshed by traction and manipulation with the patient 
Reduction is best maintained by the application of P^'3' r , 
splints or casings. The foot should bo fixed generally ht Inc in r ^ 
position (in the case of fractures by adduction or tiblal flexion 
position of eversion) and with the ankle In extreme dorsine i treev- 
Iatter is of extreme functional importance, for dorslflexkm is r^\ 
ered with great difficulty, particularly in the posterior nargrrw* 
fractures; and unless the ankle is brought up Into the position ol rign^^ 
angle flexion, or preferably above, there will nlwnys be a slight pc * 
manent equinus, and this restriction of motien is likely to 


accompanied by some pain and disability cm use. __ 

The reduction of a previously displaced fracture of the onUe may 
readily be lost if the position oi the foot is changed; therefore, it » 
highly dangerous to lift the ankle from the splints to permit no 
treatment by physical therapy. Under these circumstances one 
resort to either one or another of two substitute procedures li’^7 
attempt Is to be made to counteract the effects of continuous bn Habi- 
tation. The first Is to cut out the anterior half of the plaster over U* 
dorsum of the foot and ankle but leaving the posterior shell Intort ® 
hold the foot In the corrected portion. This provide, tie opp« tll “^ 
for active movement of the foot In the direction, of doialflexhm aM 
Inversion, movement, that do not endanger the reduction. The pcod"' 
range of motion 1, small, bot even a little movement Is sufficient to 
activate the circulation, overcome swelling, re«ore joint flexibility a* 
fceep up nttucle tone. The movement, »hould be performed by the 
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deformity and permit active weight bearing. Physical therapy, con- 
sisting of radiant heat, deep stroking massage and mobilization of 
both the passive and assisted types, will prove beneficial at this time. 
They should rarely be continued for more than six weeks; after this 
time progress is to be obtained chiefly by use and active exercises. 


Injuries in the Region of the Knee. — The quadriceps extensor 
muscle plays an important part In maintaining function of the knee 
joint through the attachment of its crureus portion to the superior 
prolongation of the joint capsule. The muscle has the duty of main- 
taining tension on the capsule and of preventing the development of 
relaxation folds which might interfere mechanically with joint move- 
ment. From the physiologic point of view, a healthy quadriceps muscle 
is a necessity for normal knee Joint function. Following any injury 
to the knee joint, especially when immobilization is employed, there 
occurs a rapid and marked wasting of the quadriceps muscle. Even 
though healing of the injured structure is obtained, impairment of 
knee-joint function will persist until the normal power of the quadri- 
ceps is regained. Treatment to develop the quadriceps is of the 
greatest Importance after any injury of the knee joint and should 
be continued as long as atrophy of the thigh can be demonstrated by 
measurement It should begin at the earliest possible moment with 
quadriceps setting exercises performed xoo to 200 times a day. As 
soon as movement can be permitted, these should be supplemented by 
assisted and active motions of flexion and extension. In the con- 
valescent stage, exercises against resistance should be prescribed, in- 
cluding extension of the knee against gravity, push-up exercises with 
the knees from the squatting position, extension against the resistance 
of the weight and pulley, and finally active work with the rowing 
machine. 

Another feature to be guarded against in the treatment of Injuries 
in or about the knee joint is stretching of the capsule from the dis- 
tention of effusions, whether serous or sanguineous. Such stretching 
causes capsular relaxation and may be a factor In delaying recovery 
after healing of the injury has been obtained. It is more likely to 
occur in cases of chronic effusion. For this reason it is important to 
relieve and prevent distention by aspiration, repeated if necessary 
whenever Joint effusion is a feature of Injury. Absorption of fluid 
from the knee Joint is also hastened by massage and mobilization 
(Bauer *•). In the treatment of knee-joint injuries one should apply 
when possible, the principles of relief of effusion by aspiration and 
early mobilization as the best means of conserving function. 


Fractures ot the Txbial Tuberosities.— Fractures of the upper 
end of the tibia extending into the knee joint have become verv 
common owing to the prevalent height of automobile bumpers. Thev 
most frequently implicate the lateral tuberosity and may be accom 
panitd by fractures of the upper end of the fibula or of ftT shSfT of 
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The Indications for phj-^lcnl therapy In fractures of the 
are triable atul depend altogether upon the amount of dispucecxm 
and the security of the reduction. In fractures without di'piawmi 1 
massage and mobilization may be Administered from the bepnmnj; 
tn the others, it usually has to be postponed unlit the era © j 
four weeks, when the consolidation Is generally far rflou gb 
to permit handling the limb in safely. In the interim the trejglmoear' 
lng plaster fitted with n steel walking stirrup may frequently oe c®* 
ployed. _ . 

Radiant heat, massage, passive and active mobilization will **"• 
quired for a period o( about four weeks after the removal ot v* 
plaster, to stimulate the circulation and ncllvate the *v 

joints. Active weight bearing without protection may usually t* per- 
mitted at the end of eight weeks, following which there Is Hide ‘J*™ 
for other physical therapy than active exerdses to restore strength- 


Fractures or Born Bones or the Legs. — The treatment °f 
tures of both bones of the leg often represents a difficult proow°* 
Frequently compound, often comminuted and grossly displaced, awj 
exhibiting a marked tendency to delayed union or nonunion, ewe 
emphasis In the treatment o! these fractures must be placw W 
prevention of Infection, safeguarding the soft parts fmm addiUOT^ 
damage, restoration of normal alignment and obtaining bony union. 
Physical therapy must be relegated to a minor rfile until the ap- 
paratus can be removed vrlth safety. Certain of these fractures cm 
be treated successfully by the method of dosed reduction and 
fixation, but the number Is small. In the comminuted and obi*r« 
fractures, alignment can be restored and maintained only by the 
use of direct skeletal traction with a pin or wire through the 
or lowerend of the tibia, the extremity being suspended In a Tlx* 1 *** 
splint. The transverse and spiral fractures arc often best l ranted W 
open reduction with fixation of the fragments by screws, pW« * 
bands. 


With reduction so difficult to obtain and maintenance of flUgw™* 1 
so precarious, It Is Inadvisable to attempt early massage and moom* 
ration. For functional stimulation of the extremity reliance must ** 
placed upon tie me of traction and suspension instead of comp*" 
fixation, and the opportunity til, affi^is for limited mobflte' 1 ® 
of the articulations One must also be quick to employ weight -i*" 1 " 
tag appliances such as caliper braces and walking piasters. Coo- 
fwilidation may rannre a Derkwt r,r < ot 


a L rok: , ^ fi not solid by £ 

of ^Sl.rnif'r^‘^ ip fr br8 “> “"'oily fitted with a lea** 
cuff supporting the region of fracture, should be applied. Use is tie 
best means o( BttonUUng the circulation and of promoting union, and 
such a brace wffl protect even a mobile fracture sufficiently to prevent 
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stroking massa ge and relaxed motion. Following reduction, the 
splinted extremity should be suspended in slings from an overhead 
frame to secure the advantages of elevation. If necessary the plaster 
cast can be split, the anterior half removed and the leg exposed to 
continuous radiant heat. 

Although In the treatment of fractures with displacement physical 
therapy may be started at the end of three to four weeks, splinting 
should be continued until six to eight weeks after injury to guard 
against recurrence of the deformity. In the interval, treatment by 
radiant heat, massage, relaxed and assisted motion should be con- 
tinued systematically, the hands of the technician being used to sup- 
port the leg during the movements in a manner to prevent any strain 
at the seat of injury. After fixation of the extremity Is no longer 
necessary, the patient should be allowed to begin to get about with* 
the aid of the caliper brace. At this time chief emphasis should 
be placed upon active and resisted exercises, but massage and pas- 
sive movement should be continued as long as swelling of the knee 
persists and knee function re m ai n s impaired — usually not longer 
than four months from the time of injury. 

In the case of fractures that are treated in suspension and trac- 
tion with early movement, massage of the knee and thigh may be 
administered from the start and should usually be continued on al- 
ternate days until the apparatus is removed. Mobilization should 
be done by the patient, but the surgeon should supervise this closely 
to be sure that the exercises are being performed regularly and that 
the range of knee motion is improving. As a rule no difficulty Is 
experienced, the patient quickly gaining confidence and making rapid 
progress. The leg is left suspended in the splint for a period of four 
to eight weeks, depending upon the type of fracture and the degree 
of comminution. After the removal of the apparatus the treatment 
Is the same as that described above for fractures with displacement. 


Feactpres of the Femoral Condyles. — Fractures of the con- 
dyles of the femur may be divided into two groups. The first group 
is made up of fractures of small fragments of bone evulsed from the 
medial surface of the internal condyle, or the lateral surface of the 
external condyle, by the pull of one of the lateral ligaments of the 
knee Joint. The second group is composed of the severe Intercondylar 
fractures associated with transverse fracture of the shaft of the 
femur in the lower third. 

The first group represents fairly Insignificant injuries and with 
proper treatment almost never results in any disability. The fracture 
Is In reality a variant of rupture of one of the lateral ligaments and 
the treatment should be modeled along the same line. A plaster casing 
extending from the ankle to the groin should be applied with the 
knee in a position of about 30 degrees flexion In order to secure 
relaxation of the ligament. The displacement Is generally slightand 
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the tibia, the latter feature complicating the Irrofment considerably. 
The bony dbplacrmrnt usually takes the form of a depression of 
the lateral tuberosity, with broadening of the upper end of the tibia 
and the production of knock*knce drformlly. Tl»c amount of ifiv 
placement Is variable. When the deformity Is marked, It shook! be 
corrected by closed manipulation or occasionally by operation, and 
the reduced position maintained by the application of a plisttr 
casing. When the amount of deformity Is jdlght, or when owing to 
comminution it is of a type Impossible to correct, protection wd 
cany motion constitute the chief Indications. These may be met by 
suspension of the leg In a Thomas splint fitted with a hinged knee 
attachment adhesive traction of the Integral {>710 being attached to 
the lower leg. A cord may be run from the end of the movable let- 
piece over pulley's fixed to the overhead frame until the end b 
convenient reach of the patient’s hand. Hy pulling on this cord the 
S?i!SLi n f iy CTtc ? d or flc * bis knee, ami thus the opportunity Is 
provided far regular and systematic mobilization of the passive and 
assisted type. 

f, ti l? 1 ,' km 1 ’ ‘Mfllctillln rcsulllnj: from fhb type of fractrn 

of the knee Joint, coupled 
romltln^ S 0 !* Ja,nl lntM *P«e 01 the outer ride of the lore, 
£ U '' " S *° correct the dcprcMlon of the lateral in- 

totteknl? i ? Im l u C'" | y enures pendstent weakness end pah> 

nre^t thT, Bc, ‘ ve u « °< cxtremitv is resumed To 

r n ' ,hajl > »h»uld bo placed In the early ataje 
£rthTdS£S^rt T£l! Uo r 05 P° 5,r Wc of the deformity with elevation 
p , >? «» bter convalescent stage, or® 

StaSTlfSlSta ero t u n S f b,Cra ' £>',£ 

seat of fracture, at for prolonged protection of the 

for a long time nfier o{ thc tuberosity remains son 

ten under ‘the ^ " >d 

caliper brace ahouldbe fitted tLt y ’v For ,bne several reasons, * 
and ahould he worn rec.wi ^ °,! c ^ Patient la allowed to be op 
It ahould be eqS^Jwrf 8 ^ 15 ',. '?*” '° ur 10 »•* months after 
the knee when altdSgT °° k knK I°> nt ta 1*™“ fluton ° 

tOras^nLfdbW tutwr^u^"^?! h ,h ' 

quiring reduction, fixation 0 f the f J? cturM deformity 
period of three to four a?** t rfnl must wforCed '°\5 

be spbt and the eitremit7u(,^**, md ° f lhl5 time the cast s!*>oW 
knee, thigh and leg, and mill, rvtry for massage °f *** 
tion is unwise and almost a]waJf^^ir°! 5n,Iation ' Prolonged 
of motion. These fractures **■» n “Mfderahle limitation 

circulatory disturbance with m . v S' fD, y ni accoIn P 1,l[f,! by ie ^t 
formation. Such cases should be “tensive 

^ Seated prior to reduction by ge®^ 
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considered. If manipulation 13 performed, it should be done gently 
without any attempt to restore more than a partial range of mo- 
tion; otherwise it will be followed by an excessive inflammatory 
reaction in the tissues about the joint that will prevent progress. 
Several partial manipulations at intervals of one month axe better 
in restoring motion than one complete manipulation. Care should be 
taken to protect the seat of fracture by firm support under the 
femoral condyles. Treatment by physical therapy should be resumed 
beginning one to two days after the manipulation. As quickly as the 
patient’s condition warrants, exerdses on the rowing machine should 
be prescribed. At the end of 14 weeks, chief reliance should be 
placed upon active exercises, and thereafter time and active use are 
the chief remedies. 


Fractubeb of the Patella. — The treatment of fractures of the 
patella varies, depending upon the type of fracture and the amount 
of separation of the fragments. 

Fractures Without Displacement . — The patella may be fractured 
without separation or with only slight displacement of the fragments. 
The number of such injuries is small, but nevertheless it represents 
a definite type. The fracture may consist of a transverse or vertical 
crack, or It may be considerably comminuted. The lateral expansions 
of the quadriceps are untom and serve as ligaments to hold the 
fragments together. Such fractures are usually best treated by the ap- 
plication of a plaster casing extending from the ankle to the groin or 
by a posterior splint with the knee In the position of full extension. 
When a casing is used it should be immediately spilt and the halves 
retained in position by straps. With such protection, weight bear- 
ing may be permitted from the beginning. Treatment by physical 
therapy should he started as soon as possible after injury, the 
splints being removed every day or on alternate days for this pur- 
pose. It should consist in the application of radiant heat, superficial 
massage and relaxed motion. Active exerdses may be started at the 
end of two weeks and unprotected weight bearing at the end of four 
weeks. 


Fractures with Separation . — The roost common type of injury of 
the patella is the transverse fracture located at the junction of the 
lower and middle thirds and accompanied by considerable separation 
of the fragments. There may be a greater or lesser degree of com- 
minution, and the lateral expansions of the quadriceps are severely 
lacerated. The best method of treatment of these fractures is by 
open operative repair of the tom ligaments with approximation and 
suture of the fragments. Without operative treatment bony union 
cannot be obtained, both by reason of the separation of the fragments 
and also bemuse of the interposition of frayed out tendon fibers 
btuwn the fractured »urfec«. Preferably nonabsorbable 8uture ^ 
terial, such as fasda lata or tore, should be used to fix the fragments 
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redaction I* not required. Weight bearing In the plaster cast raj 
be permitted from the beginning, and no other physical therapy p 
needed until the splint Is removed, usually at the end of abatf ® 
weeks. At' this time the use of radiant heat, massage, and actrrc 
resisted exercises should be begun, and active use encouraged- As a 
rule, there is no Interruption to the rapid recovery of function. 

The intercondylar T fractures of the femur are a very dmercn 
class of injuries and include some of the most severe ttsuman*®* 
that may be encountered. They usually result from a fall 
flexed knee. The lower end of the shaft of the femur is 
the end of the proximal fragment is driven Into the distal one, sp*^ 
ting the condyles and not infrequently is pushed forward into 
suprapatellar pouch and out through the quadriceps expansw<V™° 

• the production of a compound wound Involving the knee joint Tore 
is extensive soft part damage and hemorrhage; the patient 
severe shock. The most skillful surgical treatment is required ^ u 
life and limb are to be saved. Under such drcumstancts 
therapy can hare no part In the treatment until long afterw^ 
the fate of the extremity has been decided, and one may b*fP n , 
think of restoring function. As a matter of fact, knee stiffness o 
some degree Is inevitable and will have to be accepted as the ntccss fJ 
consequence of the extensive soft part damage and scar tissuet™* 
mation. The only question will be concerning the amount of nw» 
that can be saved. 

Intercondylar fractures of the femur are usually best U«itedby 
skeletal traction by means of a wfre or pin passed through the "W* 1 
end of the tibia at the level of the tubercle, the limb being 
pended In a Thomas splint, with the knee partially flexed. Co otlnw® 
heavy traction In the axis of the thigh usually brings about prompt 
realignment of the fragment* with satisfactory restoration of tne 
contour of the condyles. Treatment In traction and suspension most 
be continued lor a period of at least six weeks. During the peri 00 
of treatment In apparatus It Is Impossible to do much toward re- 
storing knee tunctlon, although motion of the ankle and Up may 
he maintained A caliper brace Sued with a lock Joint at the knee 
should be adjusted at the end of eight weeks and weight bearing 
permitted. 

Treatment by physical ihenpy ^ ^ ^ ltartc d wh en *H »P* 
usually at the end of six to eight *«ks. 
U should be applied os Intensively as possible during the first three 
^ “P for P» uegfcT It should include re- 

heat. light and deep massage to the calf and thigh, with sper™ 
treatment of the scarred musdes, followed by passive, assisted and 
actlrc motions oftte knee. Careful records ibouMbe kept sbowH 
(he Increase of motion. II at the end of three months ho marked 
gain booled, ,l je advlsnHhty „f overcoming some ot the adhesi” 0 
b>- forcible pasthe Hexlon, with the p,Utnt amathetlxed, should be 
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considered. If manipulation is performed, it should be done gently 
without any attempt to restore more t h a n a partial range of mo- 
tion; otherwise It will be followed by an excessive inflammatory 
reaction in the tissues about the joint that will prevent progress. 
Several partial manipulations at intervals of one month are better 
in restoring motion than one complete manipulation. Care should be 
taken to protect the seat of fracture by firm support under the 
femoral condyles. Treatment by physfeal therapy should be resumed 
beginning one to two days after the manipulation. As quickly as the 
patient’s condition warrants, exercises on the rowing machine should 
be prescribed. At the end of 14 weeks, chief reliance should be 
placed upon active exercises, and thereafter time and active use are 
the chief remedies. 


Fractures of the Patella. — The treatment of fractures of the 
patella varies, depending upon the type of fracture and the amount 
of separation of the fragments. 

Fractures Without Displacement . — The patella may be fractured 
without separation or with only slight displacement of the fragments. 
The number of such injuries is small, but nevertheless it represents 
a definite type. The fracture may consist of a transverse or vertical 
crack, or it may be considerably comminuted. The lateral expansions 
of the quadriceps are untorn and serve as ligaments to hold the 
fragments together. Such fractures are usually best treated by the ap- 
plication of a plaster casing extending from the ankle to the groin or 
by a posterior splint with the knee In the position of full extension. 
When a casing Is used it should be immediately split and the halves 
retained in position by straps. With such protection, weight bear- 
ing may be permitted from the beginning. Treatment by physical 
therapy should be started as soon as possible after injury, the 
splints being removed every day or on alternate days for this pur- 
pose. It should consist In the application of radiant heat, superficial 
massage and relaxed motion. Active exercises may be started at the 
end of two weeks and unprotected weight bearing at the end of four 
weeks. 


Fractures with Separation . — The most common type of injury of 
the patella is the transverse fracture located at the junction of the 
lower and middle thirds and accompanied by considerable separation 
of the fragments. There may be a greater or lesser degree of com- 
minution, and the lateral expansions of the quadriceps are severely 
lacerated. The best method of treatment of these fractures is by 
open operative repair of the torn ligaments with approximation and 
suture of the fragments. Without operative treatment bony union 
cannot be obtained, both by reason of the separation of the fragments 
and also because of the interposition of frayed out tendon fibers 
between the fractured surfaces. Preferably nonabsorbable suture ma- 
terial, such as fascia lata or wire, should be used to fix the fragments 
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in order to obviate the necessity of postoperative epllnting. With these 
materials the fragments can fixed so securely that active roobffi- 
iation can be permitted immediately after operation, with conridenbie 
shortening of the disability period. When absorbable suture materials 
are used, the mobilizing exercises cannot be pushed as rapidly and 
the recovery of motion is slower. 

Physical therapy is of great aid in the postoperative treatment of 
fractures of the patella. When osteosynthesis has been performed with 
fascia lata or wire, the knee should be supported by soft drtssSnp 
. g ^ no particular effort need be made toward 

mobilizing the knee, as the patient will do this naturally as the sente 
operative reaction subsides and the soreness wears away. As soon is 
the incision has healed, usually at the end of seven days, superficial 
massage can be administered, followed by passive lateral mobSixatfcc 
of rae patella and relaxed movement of the knee. Active quadriceps 
setting exercises should also be prescribed. The application of radiant 
heat can be added at the end of two weeks, and daily active escr- 
of flexion and extension of the knee should be performed. Active 
r£lr ** P at the end of four weeks, and there- 

»cd« SS32saLf^. gth ‘ md m0tl0n “ Chi ' fly deptnd ' n ' 

01 the F«mur.-Fracture of the .baft of 
foncr^d U L,^ r S!l y 5eV ' r f in J urira > “d ^ uMts are frequenfly 
very host im P alnn 'nt of function In spite of the 

remits arc mnch more ■n?'"', 0 * of fift " n ffiy ' d 
the soft parts even thowhtS U US “ft “‘“T'! 

The reoarative i j ‘ racture escapes being made compound. 

STsoX , S» dh “ , “ quadriceps extensor 

extend with consequent ,«!£, b ' co ’"« ^ “ d 

is the commonraSe of the ,«ffSL 0t Ft 0i Ju,ee iklioIL ^ 
seen efter frecturraHiTf^^rA 111 ' W thst fs » frequently 

overriding dM^ of \ lat fr »S™rats 
des. To overcome the dlsnwJL’f 1 ^ of ti ' Powetfol thigh ™ n *‘ 
tare by continuous heavy tract Inn ’ 1 !? “* ccssar y t° 11681 tije 
means of skeletal tonga applied in' ^ ^ ^ tzauaUy obtained by 
by a pin or wire pas zed throuch a J XAT the femoral condylo^ 
leg is usually suspended in a Twjlf 1 °T CT ^ fcciur - 7lf, 

flexed on a hinged knee eppllancTfiS^T^ ^ kncc 
method of treatment Is by open The alternative 

the fragment* by a bone plate ™ internal fixation ol 

This method Is applicable only in tk^^^ or 04 her fixative device, 
not in the comminuted fractures FniuS* Vmc ^ °bbque fractures, 
be splinted In a Thomas splint with operation, the leg nay 

pans tplca casing. Coruolidatkm of m , !rartlotl or in a plaster -of; 

** fracture proceeds slowly ^ 
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Is rarely firm before the end of seven to eight weeks, and may require 
considerably longer. Until union Is solid the leg must be kept splinted. 
When weight hiring la begun, protection must be provided in the 
form of a caliper brace. Active use of the leg is desirable at as early 
a moment as possible for Its stimulating effects upon the formation 
of callus, the circulation and muscles. The use of a caliper brace 
should be prescribed as a therapeutic procedure, usually at the end 
of eight to ten weeks. 

Physical therapy has to play a secondary rfile during the active 
phase of treatment of a fractured femur. The necessity of securing 
anatomic reduction Is predominant, and without this, only imperfect 
function can be expected. The difficulties of securing reduction and 
the dangers of losing position are so great that it would not be jus- 
tifiable to tamper with the apparatus for the sake of attempting early 
mobilization of the joints. On the other hand, with treatment by 
traction and suspension, movement of the ankle and hip Is permitted 
from the beginning; and when traction is obtained by means of tongs 
or pins fixed directly to the lower end of the femur, it is possible 
to begin passive mobilization of the knee at the end of three to four 
weeks without danger of disturbing the alignment of the fracture. In 
addition, the use of skeletal traction has the advantage of leaving 
exposed for treatment by gentle ma ssage a large part of the surface 
of the limb. 

For these various reasons the use of physical therapy in fractures 
of the femur depends chiefly upon the Interest and attention of the 
surgeon In charge. When the fracture Is treated by skeletal traction 
with the leg suspended in a Thomas splint, the administration of 
light superficial massage to the t h ig h and lower leg should be started 
at the end of two weeks. Regular active exercises of the ankle and 


foot may be started from the beginning. After three to four weeks, 
passive mobilization of the knee may be performed systematically 
each day within the limits permitted by the apparatus. When the 
fracture has been treated by osteosynthesis by means of a bone plate 
and screws, preference should be given to the use of traction and 
suspension in the after-treatment instead of a plaster spica. From 
the standpoint of promoting the recovery of function, the former 
method has great advantages and permits full benefit to be obtained 
irom the firm operative fixation of the fracture. Massage of the 
thigh and lower leg, and exercise of the ankle and knee may be ad- 
ministered from the end of two weeks. Mobilization of the hip is 
obtained irom the beginning by the changes In the position of the 
patient’s body in bed. Fixation of the leg in a plaster spica, on the 
other hand, for the full period of eight weeks that is usually neces- 
sary, is completely destructive of function, and following the removal 
o the plater a long end often painful come 0 f mobilising and 
stlmutatlng treatment wfll be necessary to restore function 
Following the removal of the retentive apparatus, usually at the 
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end of about eight weeks, massage of the deep stroking type shwrid 
be employed together with passive and assisted movement Acme 
exercises of flexion and extension of the knee should be 
and performed regularly at home by the patient. A ca ~P^ 
fitted with a lock joint at the knee, to permit flexion of u* wee 
when sitting, should be adjusted. With the protection of the Draw, 
weight bearing on the leg may usually be allowed at the end ° 
to twelve weeks. This must usually be worn for a period of twn 
three months. During this time the patient should continue to wrr 
with the active exercises In order to increase the range of kne eneri^ 
to mobilize the muscles and increase their strength. These oera» 
should include lying cm the face, and flexing and extending the 
sitting on the edge of a table and swinging the knee Into iuU 
tension against the pull of gravity and dropping it again, and 
of standing holding on to the back of a chair with the hands., sqnst 
down on the beds and straightening up again. After the 
tinuance of the caliper brace, the exercises of the knee may b* 
slsted with advantage by the use of apparatus such as the wrig 
and pulley attached to the foot, the rowing machine or stationary 
bicyde. The range of knee motion increases slowly with active 
over a long period and rarely reaches a complete standstill before 
end of two years. In the average case, however, with adequateeaoT 
functional treatment, one may expect to obtain a range of knee motion 
of 90 degrees by the end of six months. 


Fractures of the Region of the Hip.— I ntebt*ochantekic FxAC- 
Tuass or the Femux- F ractures of the femur between the trochan- 
ters or along the intertrochanteric line are encountered most 
quently in elderly people and more commonly in women than 
The age factor complicates the treatment and makes h more cbfficait 
to secure complete restoration of function. The fracture itself is 01 
a fairly benign character and because of Its situation in cki»cell <*3 
bone, where the blood supply i» abundant, presents no problem to 
respect to obtaining bony union. Bony deformity may be alight oc 
well marked. It takes the form of a bending of the neck at its jnne- 
Uon with the shaft, ascent of the greater trochanter and the re- 
duction of distinct coxa vara. There ia shortening of approrin^triy 
one nch or more and some degree of permanent outward rotatbc of 
the leg as well. 

? Trtclrt . and tils can be readily accom- 
P ^ 'Z Action, the leg being 

? llm ' T ™ aJo " may b 4 obtained by the 
application o! adhesive plaiter to the skin Q f the lower kg and thigh. 
bU ^ °, ^ b, the «t5 potion f« » 

a P CTiod 1^t« loog enough h. 

elderly prrw™> to Morion rtlffnen of the knee that li difficult to 
overcome. Suth jUffnee, can be prevented by the use ol itelrtil 
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instead of adhesive traction. The danger to the patient from the in- 
sertion of Kirschner’s wire in the lower end of the femur is almost 
negligible, and the advantage of skeletal traction in permitting regular 
mobilization of the knee joint is so great as to more than counter- 
balance the risk. A hinged knee appliance should be attached to the 
Thomas splint to support the lower leg, and a cord should be rigged 
leading over pulleys to the end of the movable leg-piece in such a way 
that the patient can extend or flex the knee by working the cord. 
Motion of the hip is obtained with the shifting of the position of the 
patient’s body in bed, and the alignment of the fracture Is not dis- 
turbed, being maintained by the constant traction force. In addition, 
the foot should be supported by a foot-rest, or suspended from an 
overhead pulley by means of an adhesive strip to the plantar surface 
and a small weight. Thus nearly ideal conditions are produced for 
maintaining joint function during the period of treatment. 

The chief obstacle to carrying out the ideal method of treatment 
of these fractures, however, is the feeble condition of many of the 
patients. This makes it unsafe to employ a method that necessitates 
keeping the patient constantly in the dorsal recumbent position be- 
cause of the danger of hypostatic pneumonia, bed sores and other 
difficulties. When these complications appear imminent, It is fre- 
quently the better policy to apply a plaster-of -paris spies casing, fixing 
the hip In a position of wide abduction and maintaining traction by 
means of adhesive strips applied to the leg with the free ends fixed 
solidly in the plaster at the level of the ankle. This method of splinting 
permits the patient to be turned face down as frequently as necessary 
to counterbalance any tendency toward hypostatic congestion of the 
lungs and to relieve pressure on the sacrum. The fixation of the knee, 
however, is likely to give rise to obstinate stiffness, and this should 
be combated. This may be done by employing the method described 
by Krida, which consists of the removal of the posterior half of the 
plaster from the knee to the toes as a lid. The anterior portion of 
the leg-piece remains attached to the spica and maintain* the position 
of the trip. When the patient is turned face down, however, the pos- 
terior plaster shell can be removed, and this permits the knee to be 
flexed and extended and the ankle to be exercised. This procedure 
can be used at the end of two weeks when It is no longer necessary 
to maintain traction and the strips can be freed. 


When the patient is treated by skeletal traction no formal treatment 
by physical therapy is indicated until after the removal of the appa- 
ratus, but the surgeon should be careful to see that the patient mobfl- 
Ues the knee and ankle regularly. Union is usually solid in six to 
right weeks, and at this time the splints can be removed and treatment 
by massage, passive and assisted movement begun. The use of a 
caliper brace to protect the fracture and prevent shortening is often 
advisable, and Oris should be worn for four to eight weeks. During this 
period the use of radiant beat, deep stroking massage passive and 
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end of about eight weeks, massage of the deep stroking type siwcH 
be employed together with passive and assisted movement. Active 
exercises of flexion and extension of the knee should be prescribed 
and performed regularly at home by the patient A caliper bner 
fitted with a lock joint at the knee, to permit flexion of the knee 
when sitting, should be adjusted. With the protection of the brace, 
weight bearing on the leg may usually be allowed at the end of ten 
to twelve weeks. This must usually be worn for a period of two to 
three months. During this time the patient should continue to wwt 
with the active exercises in order to increase the range of knee fieri®, 
to mobilize the muscles and increase thdr strength. These exercises 
should include lying on the face, and flexing and extending the kn«i 
sitting on the edge of a table and swinging the knee into fall £*• 
tension against the pull of gravity and dropping it again, and 
of standing bolding on to the back of a chair with the hands, squatting 
down on die heels and straightening up again. After the discon- 
trauance of the caliper brace, the exercises of the knee may be is* 
Bisred with advantage by the use of apparatus such as the weight 
and pul ey attached to the foot, the rowing machine or stationary 
cy e. The range of knee motion increases slowly with active use 
“<• rarely racta a complete standstill before H* 
y *“*' In lhc overage case, however, with adequate e® 1 )' 
functional treatment, one may expect to obtain n range of knee mode” 
of 90 degrees by the end of sfx^nomhs. 

ot the Hip-— ^ fNTEEnocnAtrrouc Faac- 
SHr drae fvST^~ Fr ”, clura »f 'be femur between the trecto- 
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the advanced age of many of the patients. The shock of the Injury, 
the exhausting effect of pain or of the narcotics given to relieve it, 
the liability to hypostatic pneumonia and pressure sores added to their 
frequently debilitated state create a set of conditions from which n 
certain number succumb in spite of the best treatment. 

The method most widely advocated for securing reduction of the 
fracture is that originated by Whitman .* 1 This consists in manipulat- 
ing both hips, with the aid of traction, into a position of wide abduc- 
tion and internal rotation. Anesthesia is generally necessary. Following 
the manipulation, the hip is fixed in the reduced position by the appli- 
cation of plaster of paris either in the form of a long single spies 
extending from the toes to the costal border or of a double spies 
extending on the injured side from the toes to above the pelvis and 
down the opposite side to the knee. The double spica secures more 
perfect fixation of the hip than the single spica, and at the same time 
makes it possible for the patient to be turned more easily and to flex 
the spine more readily in sitting, and for these reasons is to be pre- 
ferred. It seems dangerous to apply plaster spicas to these elderly 
patients, but it usually proves quite the contrary in practice. The 
problems of handling the patient and of nursing care are greatly 
simplified. The patient can be moved without pain, turned regularly 
on the face and propped up in bed with the shoulders elevated. This 
counteracts any tendency to the development of hypostatic pneu- 
monia, permits care of the back and prevents bed sores. It may prove 
to be a life-saving procedure In many cases. 

Immobilization has to be maintained for a minimal period of twelve 
weeks on account of the slow process of healing. Following the re- 
moval of the plaster a caliper brace to protect the fracture and at the 
same time permit weight bearing must be worn for a further period 
of three to six months. End-result studies show that even with this 
long period of treatment, good results are achieved in only about sixty 
per cent of the cases. It is doubtful whether actual bony union is 
obtained in as large a number as this. These figures are disappointing, 
and they are stimulating surgeons throughout the world to find im- 
proved methods of treatment. Open reduction is being tried among 
other experiments, and the method originated by Smith-Petersen 13 of 
employing a flanged nail to secure Internal fixation of the fracture has 
yielded encouraging results. It seems likely that the final word has 
not yet been said in respect to the best method of treatment of frac- 
tures of the neck of the femur. Until this can be spoken, however the 
Whitman method still remains the accepted standard and should be ’ 
applied as literally as possible. 


Physical therapy cannot be employed In the treatment of fractures 
° th L“ji ck femur until nt a late period because of the necessity 
of avoiding even the slightest motion at the hip Passive 
of the knee by the method of cutting on, a pos^erlm 
prece can be started at the end of sir or eight weeks. The knee sbonfd 
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active exercise* is of aid in restoring function, but not necessity if 
the codperotion of the patient can be elicited In active use of the fe? 
and in carrying out exercises. 

Fractures of the Neck of the Femur. — •There Is setredy » 
more difficult problem in surgery than that of the treatment of frac- 
tures of the neck of the femur. Although this injury is encouatetta 
chiefly in elderly women, It fa not confined to that group, and ex&®5*o 
of it may be seen in both sexes and at all ag« from childhood up- 
There are many obstacles in the way of achieving good fuiKlkml 
results. One of the chief ones is the difficulty of obtaining bony unwe. 
In considering this question it fa important to differentiate betw.® 
the fractures through the narrow part of the neck or close to the httfl, 
the so-called intrncapsular fractures, and the fractures throug h i 
base of the neck, the so-called extracapsufar fractures. The 
to distinguish between these fractures on the basis of their 
In respect to the capsule fa not accurate, as Injury implicates the )«w 
in both types. We prefer to use the more exact terms subcaplUl, tram- 
cervical and basal in describing the fractures. , 

The importance of the anatomic situation of the fracture Ha “ " 
relation to the blood supply to the head of the femur. In the trv^ 
cervical or subcapital fractures, the blood supply to the pro*** 
fragment fa likely to be completely interrupted except for that wMp 
fa conveyed through the Hgamentum teres. In elderly persons the 
fatter source fa generally inadequate for nutritional needs and 
head frequently dies. In addition, the neck of the femur is to- 
vested only with a coveting of periosteum and synovial nJombraJ*- 
and enveloping soft parts from which granulation tissue may 
to mu in callus formation are lacking. Consolidation must P r **f**~ 
entirely from the dements within the bone and often only fro® ^ 
to the distal fragments. Under these conditions Wing of the IrtcM* 
i* pracanous and may fan entirely in many cases In spite of tte ^ 
trratment. The only chance oi obtaining bony consolidation lies .to 
obtnMng reroplete reduction of the IractSre wto, dose api*o*i>=**° 
of the minted surfaces and ta ^ ^ fra „ f)rnt f y fired tri*; 

out any movement between them for a .Sntaal petted of th« 
months. On the other hand, in the fractures at the base of the neck 
the conditions are much more favorable f or beaLfr Fmte or all of 
capsular ligament, through which blood supply batches the neck of 
the femur remain attached to the proximal fragment, and «mP> £ 
nutrition is assured. In addition the adjacent sofMJssues provide > 
source for extra osseous callus formation which mav be of great 
In brining about consolidation. Clinical itta confirms these 

thT bSllT ^ h ° W5 tbju UBim 11 
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A. further difficulty in the treatment of these fracture, arises ft®” 
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the advanced age of many of the patients. The shock of the injury, 
the exhausting effect of pain or of the narcotics given to relieve it, 
the liability to hypostatic pneumonia and pressure sores added to their 
frequently debilitated state create a set of conditions from which a 
certain number succumb in spite of the best treatment. 

The method most widely advocated for securing reduction of the 
fracture is that originated by Whitman. 51 This consists in manipulat- 
ing both hips, with the aid of traction, into a position of wide abduc- 
tion and internal rotation. Anesthesia is generally necessary. Following 
the manipulation, the hip is fixed in the reduced position by the appli- 
cation of plaster of pans either in the form of a long single spica 
extending from the toes to the costal border or of a double spica 
extending on the injured side from the toes to above the pelvis and 
down the opposite side to the knee. The double spica secures more 
perfect fixation of the hip than the single spica, and at the same time 
makes it possible for the patient to be turned more easily and to flex 
the spine more readily in sitting, and for these reasons is to be pre- 
ferred. It seems dangerous to apply plaster spicas to these elderly 
patients, but it usually proves quite the contrary in practice. The 
problems of handling the patient and of nursing care are greatly 
simplified. The patient can be moved without pain, turned regularly 
on the face and propped up in bed with the shoulders elevated. This 
counteracts any tendency to the development of hypostatic pneu- 
monia, permits care of the back and prevents bed sores. It may prove 
to be a life-saving procedure in many cases. 

Immobilization has to be maintained for a minimal period of twelve 
weeks on account of the slow process of healing. Following the re- 
moval of the plaster a caliper brace to protect the fracture and at the 
same time permit weight bearing must be worn for a further period 
of three to six months. End-result studies show that even with this 
long period of treatment, good results are achieved in only about sixty 
per cent of the cases. It is doubtful whether actual bony union is 
obtained in as large a number as this. These figures are disappointing, 
and they are stimulating surgeons throughout the world to find im- 
proved methods of treatment. Open reduction is being tried among 
other experiments, and the method originated by Smith-Petersen 31 of 
employing a flanged nail to secure internal fixation of the fracture has 
yielded encouraging results. It seems likely that the final word has 
not yet been said in respect to the best method of treatment of frac- 
tures of the neck of the femur. Until this can be spoken, however, the 
Whitman method still remains the accepted standard and should be ’ 
applied as literally as possible. 

Physical therapy cannot be employed in the treatment of fractures 
of the neck of the femur until at a late period because of the necessity 
of avoiding even the slightest motion at the hip. Passive mobilization 
of the knee by the method of cutting out a posterior lid from the leg- 
piece can be started at the end of six or eight weeks. The knee should 
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active exercises Is of aid in restoring function, but not necessary II 
the cooperation of the patient can be elicited In active use of the ef 
and in carrying out exercises. 

Fractures of the Neck of the Femur- — There is scarcely i 
more difficult problem in surgery than that of the treatment of frac- 
tures of the neck of the femur. Although this Injury is encouatmd 
chiefly in elderly women, It is not confined to that group, and axmptes 
of It may be seen in both sexes and at all ages Irom childhood np. 
There are many obstacles In the way of achieving goal funcncou 
results. One of the chief ones Is the difficulty of obtaining bony un 
In considering this question it Is Important to differentiate between 
the fractures through the narrow part of the neck or close to tbe Own, 
the so-called Intracapsular fractures, and the fractures through 
base of the neck, the so-called extracapsular fractures. Tbe attrrcjx 
to dis ti n g uish between these fractures on the basis of their situs 
in respect to the capsule is not accurate, as Injury implicates *** 
in both types. We prefer to use the more exact terms subcapital, tram- 
cervical and basal in describing the fractures. . ,. 

The Importance of the anatomic situation ol the fracture lies in 
relation to the blood supply to the head ol the lemur. In the 
cervical or subcapital fractures, the blood supply to tbe pr«““? 
fragment Is likely to be completely interrupted except for that 
Is conveyed through the Ugamentura teres. In elderly persons me 
Utter source is generally inadequate for nutritional needs and u* 
head frequently dies. In addition, the neck ol the femur is i®' 
vested only with a covering of periosteum and synovial membra*, 
and enveloping soft parts from which granulation tissue may 
to aid In callus formation are lacking Consolidation must P™c«° 
entirely from the elements within the bone and often only troffl tb« 
In the distal fragments. Under these conditions healing of tbe MM" 
Is precanousand may fall entirely in many cases in spite ol tte 
treatment The only chance of obtaining bony consolidation hes m 
obtaining complete reduction of the fracture with dose approiM™" 
of the injured surfaces and in holding the fragments firmly fixed sdU- 
out any movement between them for a minimal period of WW 
months. On the other hand, in the fractures at the base of the 
tbe conditions are much more favorable for healing. Parts or all of tw 
capsuUr ligaments through which blood supply reaches the neck “ 
the femur remain attached to the proxtad fragment, and J 
nutrition Is assured. In addition the adjacent soft tissues provide a 
•o* 1 ;? rat ™ f*™ 5 caffu, formation, which may be of greaM° 
in bringing about consolidation. Clinical observation confirms these 
anatomic considerations and shows that union is' obtained with gees 
uniformity in the basal fractures, and that they- present no gM 
problem from this itandpofnt 

A further difficulty In the treatment of these fractures arises from 
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the ribs In the position of complete expiration, the shoulders droop 
forward, and the abdominal wall is relaxed and paunchy. This is a 
position of strain, and the bach tires more easily than normally. Back- 
ache may or may not become evident as long as the patient re m ai n s 
in normal health, just as foot symptoms may be absent for long 
periods when the plantar arch is flat and the foot pro noted. The 
mechanics of the spine are bad, but the individual is still able to com- 
pensate and there is satisfactory function. Compensation becomes 
increasingly difficult with the lapse of years, and the reserve grows 
smaller. The ability to compensate may be disturbed by an injury 
of the vertebral column or by weakening of the muscles from pro- 
longed lack of use during the period of treatment. Recovery from 
the effects of the Injury may be delayed by excessive strain thrown 
on the spine as a result of faulty attitude, or the patient may complain 
of pain which he attributes to the Injury when in reality it Is caused 
by postural strain, the injury itself having healed. 

The longer tbe body has been used In a position of faulty posture, 
the more difficult it is to secure correction. The ligaments and muscles 
have adjusted themselves to tbe incorrect position, and the deformity 
has become structural instead of remaining functional. Improvement 
of posture can still be obtained but only at tbe expense of considerable 
effort. When function is resumed following recovery from a vertebral 
Injury, it b important that tbe spinal mechanics should be as favorable 
as possible, and this condition can be readied only when all postural 
defects have been remedied. It b therefore the part of wisdom to 
combine postural correction with tbe treatment of fractures of the 
spine whenever possible. 

When fixation of the spine b Indicated, this b to be accomplished 
by the use of plaster shells or jackets which hold the spine as nearly 
as possible in the corrected position, that b, with the dorsal spine 
hyperex tended, the lumbar spine flattened and the pelvis tilted as little 
as possible. When spinal braces are used, these should be fitted In such 
a way as to aid in postural correction. When fixation b unnecessary 
and recumbent treatment suffices, or in the convalescent period after 
the removal of retentive apparatus, a definite regime of corrective 
positions and exercises should be prescribed. Boards should be intro- 
duced between the springs and mattress to provide a firm, flat bed. 
Tbe patient should be instructed to lie in the hyper extended position 
for a period of thirty minutes, two or three times a day, in order to 
stretch the contracted muscles and ligaments. This b a position in 
which the patient lies on tbe back with a pillow placed transversely 
under the scapulae and upper dorsal region and with the shoulders 
abducted and the hands clasped behind the neck, the knees being 
slightly flexed and supported by a pillow. K 

The following exercises should be performed with the patient re- 
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be exercised regularly each day when the patient Is tamed oo the 
face. In spite of this maneuver, however, restoring function in the 
Injured leg presents a problem when the plaster is finally removed 
The venous and lymphatic circulation arc Incompetent, and the leg 
becomes greatly edematous; the knee, often showing the effects of 
previous arthritis, is stiff and painful; the muscles of the thigh 
leg are atrophied and weak; and the function of the hip consfdcrtbJy 
Impaired. Treatment by radiant heat to the knee, massage both super- 
ficial and deep of the leg and thigh, and passive and active mobffiz*' 
tian of the ankle, knee and hip should be administered on alienate 
days for a period of approximately one month after the removal of the 
retentive apparatus. At the end of this time the patient ought to hsn 
progressed sufficiently with walking and active use of the leg to >bt 
able to continue to Improve by means of his own efforts without sodi- 
tional treatment. 


vkactuxes or the spine 

Functional Considerations.— It Is of fundamental importance '« 
the treatment of all bony Injuries of the spine, regardless’ ol their 
type, to strive to obtain as perfect weight-bearing alignment of the 
vertebral column as possible. This refers not only lo securing reduc- 
tion of bony deformity at the seat of fracture when tils is pos* 1 ', 
but also to stretching the spinal ligaments and developing the *»e 
porting muscles so that the fully erect posture may be assumed s» 
maintained. The fully erect posture is to the spine what correct 
f 1 ”? f re to ti " foot. H is the position In whfch th: 
weight-thrust of the body Is most easily supported, and In wU<* tic 
upon 'Pimti ligaments and articulations, 
lu the fully erert prepare tie normal anteroposterior curves of the 

^d"vrith S 1 Ul f,^ d fa ^'t 1 ««* to 0%unent wftb the body 
and wllh tiie chLn pulled la; the chest fa elected in a position of 
moderate Inspiration; the abdominal muscles are contracted firmly; 
Mid the axw of the pelvt* is only slightly tipped The balance of the 
body Is easily maintained by the st^-llL ISon of the psoas, recti. 
Intercostal and scalenl musdes in from and by tiK Jut/and sacro- 

Icnred'bTtire Ste? i UtmI conlroHed and pte- 

luroborum musd*.^ ° f ** P™» *™l 

of proper training, lhe ^ b °^ W of theindlvidunl 1 and b* 

tion; m fact, poor posture' b 

exaggeration of the normal antfToi»if/.w?i 3 5 charaettwixed by 
column wfth forward Inclination of the n^v**™** ^ hMir de- 

formfty In the dorsal region, marked ‘ ded k yPl^J m 

'-ft of the pelvfa. The chin £ “g 1 # 
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5. Good standing position, hands on hips, pull abdomen in; head 
up, stretch body tall; breathe deeply, raising chest; exhale by 
drawing abdomen in and up. 

6. Good standing position, heels four Inches from wall; hips, 
shoulders and head touching wall; flatten back by drawing ab- 
domen m and up. 

7. Good standing position, feet apart, weight well forward and on 
outside of feet, abdomen in, back flat, bead up, chin in, hands 
clasped on top of head, elbows back, bend upper part of trunk 
to side; alternate. 

8. Same position. Turn upper part of trunk to side; alternate. 

9. Good standing position, raising arms forward upward, rise on 
toes; stretch tall; breathe deeply; lower arms sideward down- 
ward; lower heels; exhale. 


Fuactuses ot the Vertebbal Bodies. — Fractures of the spine 
may be classified according to whether they involve the vertebral 
bodies or the accessory processes of the vertebrae such as the trans- 
verse or spinous processes or the la min ae. Of these, the first group is 
the more serious, not only because of the possibility of an associated 
Injury of the spinal cord, but also because the fracture menaces the 
weight-bearing mechanism of the spine. Injury of the spinal cord is a 
grave complication, and except for the few cases with partial or 
incomplete lesions in which recovery occurs, is accompanied by perma- 
nent paralysis of greater or lesser degree affecting all the spinal seg- 
ments distal to the point of injury. Injury of the spinal cord Is. 
however, the exception and not the rule in fractures of the vertebral 
bodies, contrary to what used to be taught This has been revealed 
by the more frequent roentgen-ray examinations made in patients with 
back Injuries. Studies of tne late results of spinal fractures without 


cord injury, however, have shown that they frequently give rise to 
later functional impairment which may be almost as distressing from 
the economic point of view as paralysis is from the physical. 

Fractures of the vertebral bodies are generally produced by the 
compression of one or more bodies between the adjacent vertebral 
bodies In accidents involving the transmission of force in the long nri< 
of the spine, combined with forcible flexion of part of the spine. The 
most frequent site for compression fractures is the dorsolumbar junc- 
tion, the point at which the relatively fixed dorsal part of the column 
joins with the movable lumbar portion. As a result of the compressing 
force, the cancellous structure of the centrum crumples, producing a 
wedge-shaped deformity, the body being narrower at the anterior than 
at the posterior border. Generally as the body is crushed It mush- 
rooms out and becomes broader than normal. Ail degrees of ’deform! tv 
may be encountered, varying from slight to severe The 
types produce definite kypbosb of the spine at the point . 

Treatment has for its objectives the correction of bon 


more severe 
if injury. 

/ deformity, 
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i. Lying, hands at back of neck, chin In, back flat, breathe deeply, 
raising chest. Hold chest and exhale by drawing abdomen in md 
up; relax abdominal muscles to inhale. 

а. Same position. Pull lower abdomen In; relax, 

3. Same position. Knees bent, flatten back against floor by pilUfl* 

abdominal muscles in and up. , 

4. Lying fiat, stretch whole side, puTllng ribs apart; contract side 
abdominal muscles; relax; alternate. 

5. Same position. Hug one knee; bend other knee over coest; 
straighten leg; lower slowly, keeping abdominal muscles paW 
in and back flat. 

б. Hands on ribs. Breathe deeply, spreading ribs; bold nbs oat 

and exhale by drawing abdomen in and up. . 

7. Lying face prone, hands on side, contract bock muscles and raise 
head and shoulders from the bed. 


When the patient can sit without the necessity of protection, the 
following exercises may be given: 

1. Sitting tall, hands on hips, head up, chin in, back flat, 

deeply, raising chest Hold chest up; exhale by drawing abdomen 

in, 

1 . Same position. Hands dasped on top of head, elbows back, fxi 
lower abdomen in; relax; repeat 

3. Same position. Stretch one whole side; relax; ilteraite. 

4. lie face down over edge of table, feet on floor, hands clasped in 
back, head back, chin in, roll shoulders back, lifting head t* 1 
upper part of spine; relax; repeat 

5. Sitting tall, head up, chin In, abdomen In, back flat, hands 00 
hips, bend upper part of trunk to side; alternate. 

6 . home position. Turn upper part of trunk to side; alternate 

7 ‘ dnsped on top of head, elbows to*' 

breathe deeply pulling cheat up; hold chest up; exbale by draw- 
ing abdomen In. 


When cmvaln«n« I, sUn tarthfT Bdw0CTd a ^inalim H*t of 
exercises may be given as follows: 

J ' ^ilnrXS 'hnM^ 0 ' ncck ' cN" to, ton* Bet, breathe deeply. 
raiilngArat, hold chest up and dm],, by drawing abdomen 10 

" SrTl^Tn f** *%»*** 

a muK, “ Pulled to Mdtod flai- , 

ahead, weight on onlaldecl 

&5£ 'i“d, a ^un PullM ^ up ‘ 
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5. Good standing position, hands on hips, pull abdomen in; bead 
up, stretch body tall; breathe deeply, raising cbest; exh ale by 
drawing abdomen in and up. 

6. Good h tan ding position, heels four inches from wall; hips, 
shoulders and head touching wall; flatten back by drawing ab- 
domen in and up. 

7. Good standing position, feet apart, weight well forward and on 
outside of feet, abdomen in, back flat, bead up, chin in, hands 
clasped on top of head, elbows back, bend upper part of trunk 
to side; alternate. 

8. Same position. Tam upper part of trunk to side; alternate. 

9. Good standing position, raising arms forward upward, rise on 
toes; stretch tall; breathe deeply; lower arms sideward down- 
ward; lower beds; exhale. 


Fractures of the Vertebral Bodies. — Fractures of the spine 
may be classified according to whether they Involve the vertebral 
bodies or the accessory processes of the vertebrae such as the trans- 
verse or spinous processes or the laminae. Of these, the first group is 
the more serious, not only because of the possibility of an associated 
injury of the spinal cord, bat also because the fracture menaces the 
weight-bearing mechanism of the spine. Injury of the spinal cord Is a 
grave complication, and except for the few cases with partial or 
incomplete lesions in which recovery occurs, is accompanied oy perma- 
nent paralysis of greater or lesser degree affecting all the spinal seg- 
ments distal to the point of injury. Injury of the spinal cord is, 
however, the exception and not the rule in fractures of the vertebral 
bodies, contrary to what used to be taught. This has been revealed 
by the more frequent roentgen-ray examinations made in patients with 
back injuries. Studies of the late results of spinal fractures without 


cord Injury, however, have shown that they frequently give rise to 
later functional impairment which may be almost as distressing from 
the economic point of view as paralysis is from the physical. 

Fractures of the vertebral bodies are generally produced by the 
compression of one or more bodies between the adjacent vertebral 
bodies In accidents involving the transmission of force in the long axis 
of the spine, combined with forcible flexion of part of the spine. The 
most frequent site for compression fractures is the dorsolumbar junc- 
tion, the point at which the relatively fixed dorsal part of the column 
joins with the movable lumbar portion. As a result of the compressing 
force, the cancellous structure of the centrum crumples, producing a 
wedge-shaped deformity, the body being narrower at tbe anterior than 
at the posterior border. Generally as the body is crushed, It mush- 
rooms out and becomes broader than normal. AD degrees of deformity 
may be encountered. varying from slight to severe. Tbe more seve£ 
types produce definite kypbosis of tbe spine at the point of IniurT^ 
Treatment ha, for it, objectives the correction oTtanydeSty, 
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fixation of the spine in the corrected position during the perW of 
healing, and finally, restoration of function. Reduction of the de- 
formity is to be accomplished by extreme hyperextension of the iptoe. 
This may be done by forcible manipulation u with the patient aresfitf- 
tized or gradually 14 by the use of a hyperextension frame od whii 
the patient lies, the curve of the spine being Increased from day to day. 
As soon as complete reduction Is obtained, a plaster -of -parrs ja&rt 
is applied extending from the pelvis to the axillae and malntibfrS 
the hyperext ended position. With a carefully molded and dose-fittBj 
jacket, the patient may be allowed to be up and about, and the grace 
physiology benefits from this activity. The possibility of recarreDcr 
of the deformity should be guarded against by roentgen-ray examfe* 
lions from time to time. The plaster jacket should be worn for a P-**" 
of about eight weeks. Following its removal, either a leather or crao* 
lold corset or a spinal brace should be fitted and worn for on 
tional three to four months. This Is necessary because the cancefioo 
bone of the centrum does not solidify rapidly, and under slight strife 
might give way with recurrence of the deformity. 

Treatment by physical therapy may be started as soon « JJ* 
plainer jacket is removed. Little benefit Is to be obtained from u* 
application of radiant heat or from massage of the back because 
the deep situation of the fracture In the dorsal and lumbar regions- 
The part of physical therapy Is rather to build up and develop t 
muscular supports of the spine, and to lay a foundation for 
spinal function by training the patient to carry his body in the ^ 
posture. Wth correct treatment of fractures of the vertebral bodj 
beginning Immediately after injury and carried through to the raj- 
complete functional recovery may be expected. In cases 
imture of the injury is not discovered until late, and therefore in 
(^ ly £f a i troenl , 13 ^wjuatc, the operation of spinal fusion rW 
be indicated later f or the relief of palm 

Acckssoby Processes or the VmTEEiAt^ 
The most common fractures of the accessory processes of the vtf- 
1 aiC of . ** transverse processes^ TTiese are eocotmtcred 
almost exclusively in the lumbar transverse pl- 

eases are unprotected by aUachmenTto 1 the W 
trauma. Fracture may be nrnHnr^ u, ji aM “ bio* 

t n the flnnk nr hv P roduCe u by direct trauma as from a »u 

io transv™ raU ™ actin « through the muscles attach*^ 

of £ tbj iSU*. One- g-J 

from the proidrml fraKrootTdL^ ^ wid ' "P*™ 1100 o( 
union belwm. the fr£Ss °< ™ch degree flat bg 
pf arc moot Is usually '“P 0 ”™'- T *«, W* °’® 

of the processes. ” *" case, with multiple fractures 
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There is lack of agreement as to the best method of treatment of 
fractures of the transverse processes. Some surgeons advocate fixation 
of the spine by the application of plaster-of-paris jackets, while others 
decry the necessity of immobilization. It is our own opinion that the 
fracture is insignificant and that the accompanying soft part injury 
is the more important. There is no available means of correcting 
displacement of the fragments so that in the cases with wide separa- 
tion where bony consolidation is bound to fail, it seems the better 
policy to employ treatment as for a soft part Injury only. The muscu- 
lar attachments to the transverse processes are so extensive that if 
fracture has been produced without displacement there is no likelihood 
of separation occurring later, and the fracture will consolidate as 
well without fixation as with it provided that the patient is kept quiet. 
As a matter of fact, observation of the late results in patients who 
have been treated by recumbency but without immobilization shows 
that they make perfect recoveries and are able to perform heavy work. 
We therefore favor keeping the patients recumbent for a period of four 
weeks but avoiding the use of retentive apparatus except when Indi- 
cated by a complicating fracture of the vertebral body. 

The application of radiant heat and of the superficial type of 
massage over the injured flank is beneficial and may be started one 
to two days after the injury. At the end of two weeks a regime of 
postural correction may be started. Active exercises should be pre- 
scribed for the abdominal, sacrospinalis and gluteal muscle groups. 
Additional exercises of flexion and hyperextension of the hip should 
be given to activate and stretch out the iliopsoas muscle, which is 
presumably Involved in scar tissue. All movements that provoke pain 
should be avoided. At the end of four weeks the patient may be 
allowed to be up and about without protection. Standing exercises of 
the postural type should then be started. Recovery of function gener- 
ally occurs rapidly and uneventfully. In the rare case where pain 
persists, particularly if there has been wide separation of one of the 
fragments with failure of bony union, excision of the loose fragment 
may be indicated. 

Fractures of the spinous processes and laminae are relatively un- 
common and, as a rule, must be treated on the basis of individual 
indications. The fractures without displacement usually require treat- 
ment by fixation for a period of about four weeks. In the 0 f 
displaced fractures it may be necessary to expose the injury by oper- 
ation and to remove the loose fragment. 


Fractuee-D IS locations or the Cervical Spine.— The injuries 
of the cervical spine are much more varied than those of the dorsal 
and lumbar region and Include dlalocatfona, fracture-dislocations aDd 
simple fractures. It is not within our province to consider the ripnt 
maut of the dblocaUona, which is described elsewhere. Fractures to 
the cervical region may be of the typical compression type with wdgel 
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shaped deformity of the vertebral body, but more commonly are of 
the fracture-dislocation type with disruption of the intervertebral 
cartilage and anterior displacement of the body of one vertebra upco 
another. The dislocation is generally accompanied by the evulsion 
of a triangular bony fragment from the anterior superior border of 
the vertebra below the seat of Injury, or there may be a slight op- 
pression fracture at this point There may also be an associated frac- 
ture of the laminae of one of the vertebrae. In addition, fracture of 
the odontoid process with anterior or rotary dislocation of the atlas 
cm the axis constitutes a special type of injury. Cord injury is a mud 
more frequent accompaniment of cervical fractures than it Is of frac- 
tures in the lumbar and dorsal region. When paralysis is present ft is 
usually of the distressing quadriplegic type, and it Is almost always 
fatal after a longer or shorter time. 

Correction of deformity is to be obtained by the application of 
traction to the head with the neck in the position of byperextensfcn. 
This may be accomplished gradually by continuous traction with hod 
halter, cord, pulley and weight, or it may be done rapidly by the 
application of heavy traction to the head with the patient anesthetted. 
In either case, as soon as reduction is obtained, a plaster -of -pans 
jacket of the Calot type should be applied extending from the pelva 
to the chin and including the occiput This insures maintenance of 
correction, and with It the patient may be allowed to be up and about 
“i? 011 , “ u* general condition permits. 

The Jacket must usually be worn for a period of about four weeks, 
foUowtog which a leather Thomaa collar extending from the d* 
to below Uk shoulders Is fitted. This should be worn for a farther 
period of four to eight weeks. 

hy Pkydcal therapy cannot be started until the end of 
“ b0ut l ' 1 s ht ™ ks from the time of injury At this time the collar 
ESj’SJSXS? fOT treati4m of the neck, tie patient 

being recumbent Baking of the neck by r adian t beat, and massage 
of the posterior muscles of the neck are i useful in preparing tie wW 
I £Ln? iV ', Passive mobilisation here is dangerous and 

should not be employer Active lying exerdses of the neck In fieri®, 
fkliM 9hould be prescribed to be per- 
necessary- to mobniae the stiff joints and 
° f J nu5d “ so that they may support the 
eodar should £ discontinued gradu- 
' Jly JSl’TSStaT Th^^“ Btr ' n « th of the neck muscles, In ord« 

on,u *“ 
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CHAPTER SEX 


PRINCIPLES OF PHYSICAL TREATMENT OF THE MUSCLE- 
TENDON SYSTEM, TENDON SHEATHS AND BURSAE 

John D. Ellis, B. 5 ., M.D. 


Intkoduction 


It Is necessary, for the purposes of treatment, to think of the muscle 
tendon as a single organ composed of a parenchyma and a stroma. 
The muscle parenchyma consists of cylinders, each approximately i Yi 
inches long and 0.05 Inch in diameter. Each cylinder has an elastic 
sheath of stroma — the sarcolemma. The cylinders are bound together 
into bundles by the perlmysia interna. Larger bundles are enclosed by 
the coarser connective theme septa, the perlmysia externa, which, In 
turn, are continuous externally with the aponeurosis enclosing the 
entire muscle and the vaginal sheath of the muscle group. It is thus 
evident that the parenchyma of the muscle is enclosed in a reticulum 
of stroma, just as the parenchymatous organs of the abdomen are, and 
it Is easily seen bow “drrbosis” of a muscle can occur from fibroplasia 
and subsequent contraction of this stroma after injury or disease. This 
does occur in the course of muscle healing, and It is of prime impor- 
tance, In the physical therapy of the muscles, to prevent this sclerosis. 
All physical treatment of muscle is directed, first, toward the stroma to 
prevent or alleviate fibrosis, and secondly, toward stimulating the 
neuromuscular or vasomotor arch, which will be discussed later. It is a 
matter of grave doubt whether the parenchyma of the muscle can be 


favorably affected directly and without the intervening factor or nerve 
Impulse by any treatment, except as this therapy mechanically removes 
metabolites of the muscles into the lymphatics and capillaries, brings 
arterial blood to the muscle cells, or removes edema or hemorrhagic 
accumulation. The stroma of a muscle Is attached to the tendon, and, 
for our purpose, the tendon Is simply the stroma drawn out and con- 
solidated so that the force of the contracting muscle can be concen- 
trated on a small area of bone. In all the muscles inserted directly into 
bone, without the intervention of a tendon— os, for example, In most 
of the axial muscles and such appendicular muscles as the deltoids and 
the gluteal s— additional power of contraction Is obtained at the expense 
of leverage and velocity. Mackenzie speaks of the “muscularity” of 
“, mpared which are largely tendinous, such 

as the tibialis antlcus, peroneal group, aad long muscles of the forearm 
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and fingers. The amount of 4 ‘muscularity” determines the raoidity of 
regeneration of the parenchyma and the difficulty of reeducation alter 
paralysis. The greater the proportion of stroma, the more the tendency 
to fibrous contraction of the stroma after muscle trauma or inflamma- 
tion and subsequent ischemia and pressure atrophy of the parenchyma. 
After injury, all connective tissue displays the tendency to subsequtot 
fibrous contraction, while parenchymatous tissue, like the muscle 
cylinder, tends to proliferation and regeneration with use, without dis- 
playing subsequent contraction. Carey says, “Muscle tissue (paren- 
chyma) is a sensitive indicator, or tensiometer, recording the degree 
of remittent tension or work to which It Is subjected. Hence, sfl 
physical treatment of muscle aims at either the prevention or aflcvii- 
tdon of fibrosis, or the stimulation of the regeneration of nmsde 
parenchyma by motion. 
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Decerebrate Rigidity n] 3 

re&tablishment of muscle function is neurologic — not myologic — has 
found apt expression in a series of articles by Bankart. The mechanism 
of the reflex muscle arc of Sherington has thus a practical implication 
for the physical therapist He must realize that every muscle contrac- 
tion or stimulation Is responsible for an afferent impulse to the cord, 
which Is reflected out through efferent impulse to the muscle under 
treatment. Each time we pinch, stroke, or handle a muscle group, a 
stream of Impulses is reflected back to the part where they .were 
aroused, and also to the opposing muscle groups. Thus muscle stimula- 
tion Is actually nerve stimulation. For clinical purposes, it seems rea- 
sonable to assume that thus motor response to the stimulation of 
striated muscle is exhibited in two types of activity: 

i. The quick, phasic and transient response seen In the execution 
of motion. 

t. The slow, prolonged, tonic contraction, exhibited particularly by 
the antigravity muscles, which controls the postural activity of the 
muscles of the lower extremities and trunk of man, and to which 
Sherington applied the term “plastic tonus ” 

Muscle Tone. — Sherington has also shown that this postural activ- 
ity starts a proprioceptive reflex which, arising in the muscle itself, is 
best stimulated by muscle stretching. This gives us a scientific Indica- 
tion for the use of muscle stretching and resisted motion in the 
reestablishment of muscle tone by physical therapy after the tonus has 
been broken by, for example, powerful and prolonged traction on an 
extremity for the treatment of fracture. It furnishes argument for 
resisted exercise versus massage In these conditions. The theory that 
plastic tone is subserved by the sympathetic nerves alone is not, at 
present, proved to be exact. Kanavel, Pollock and Davis — and later 
Ransom and Hinsey — could detect no significant loss of tonus in the 
decerebrate animal when sympathetic denervation was performed. The 
importance of this mooted question to the physical therapist is involved 
in the question as to whether the caloric stimulation of a part which. 
It is well known, affects the vasoconstrictor apparatus, or the vaso^ 
dilatory mechanism, Is capable also of aiding in the reestablishment 
of muscle tonus. 

Musde tone or tonus is, in the words of Sampson Wright, “one of 
the most misused terms in physiology, and a sharp definition is essen- 
tial. It is usually defined as a state of slight, constant tension, which 
is characteristic of all healthy muscle and serves to obviate the muscle’s 
taklog up slack when it enters upon its contraction.” But, as he points 
out, this explanation is inadequate, as tone Is not uniformly dis- 
tributed in all musdes, and the latency of toneless contraction is less 
than i/ioo of a second. 


Decerebrate Rigidity-Much light leu been thrown upon the 
rationale o! the prevent, on of contracture in paralyzed murfejrad the 
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practical considerations to bo observed In the restoration of funetko, 
by studying the mammalian preparations "decerebrated” by ^rtrerc- 
tion through the hind part of the midbrnln. In such animals, the unua 
are rigidly extended, the mouth dosed, the neck in opisthotonos, rmae 
the back Is arched and the tail raised. The position of the lirom » 
difficult to alter, and the musdes, on palpation, are firm andcoatractai. 
When placed on its legs, the animal will remain standing. This posm<® 
is maintained reflexly. if the posture nerve roots coming from si™n 
are severed, the rigidity at once disappears from the limb. The ngraty 
is, therefore, reflex. If the Itmb fs skinned, rigidity persists. It B re«- 
sonable to assume, therefore, that the afferent impulse of the max 
originates to the deep structures, he., the musdes, tendons, etc U 
the nerves to the musdes of an extremity, except, for Instance, u^L, 
the quadriceps, are cut, only the tone in this muscle remains, it® 
nerve to the quadriceps Is, of course, a mixed one, contaioiog 
afferent fibers from special sense organs to the muscle spindles orw u 
the tendons and motor fibers. It seems dear that the tone of s 
depends, primarily, on Impulses arising In the musde Itself. We 
here a somewhat unfamiliar type of reflex whose purpose It is to roa r' 
tain postural tone. We ore particularly concerned with the reflex 
the maintenance of position, because it affects the musdes rt uj 
extremities unequally— that is, it is manifested in those musdes wtom 
counteract gravity and prevent the animal from stoking to the grouM- 
The musdes which are found contracted In the decerebrate prepem™ 
are termed the "antigrnvity” musdes This purposive aDd coorobxttn 
reflex affects also the musdes antagonistic to the antigravity musdes 
by reciprocally Inhibiting their contraction. 


Decerebrate Rigidity to Mam— Decerebrate rigidity of an extrem- 
ity is produced in man by brain lesions, temporary or permanent, « 
the same level as those produced to experimental animals, and also W 
unilateral or bilateral lesions of the pyramidal tracts. Tbe practical 
appUcattan of splints to prevent contracture and deformity in d** 
lesions depends on a comprehension of the distribution of these post®? 
reflexes. Whfle the position of tbe legs to man, with the knees extends 
and the snUes plantar Sexed (extended), corresponds to tbe position 
° the hindlegs to the decerebrate animal, tbe position of the arm is 
different. Tl* arms ol man, aot ^ to )o comotJon bare changed to 
postural reff« pattern. Tbejnns are drawn across the chest, with the 
^•n Tht tDrranIU fee somewhat pronated, and 
the wrists, thumb, and fingers are flexed. One recognises here the 
position of the end-result commonly sen, to bemiplSaTfa which no 
protective spl nnng ol the weaker mtadea hafbeen mployed and ®° 
Other physkal therapy wdmakem This potion in man Bdue to the 
release of a function of the lower brata, uninhibited by the fundi® ol 
,he red nucleus which U concerned with the maintenance ol normal 
body posture and normal muscle tooe. It U the center for the “righting 
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Myostatic or Stretch Reflexes 

reflexes,” by means of which the body Is restored to Its original posi- 
tion after It is displaced or after loss of equilibrium. These reflexes 
must return before equilibrium and coordination are restored after 
muscle or muscle-nerve arc impairment. This is the most urgent argu- 
ment for active coordinated remedial exercises In muscle and tendon 
rehabilitation and retraining. 


Myostatic or Stretch Reflexes. — The retnrn of normal ‘‘plastic 
tone” to anti gravity and other muscles of the lower extremity, and to 
those muscles of the arm displaying this phenomenon after disease or 
Injury of the muscle, partial or temporary' damage of the reflex arc, or 
king and powerful traction In the treatment of fracture, can, in part, 
be accomplished by the stimulation of the stretch reflex. The physi- 
ology and method by which this reflex is therapeutically elicited is 
interesting. In the decerebrate dog, Liddell and Sheri ngton found that 
a reflex response producing a contraction of 2 Kg. tension could be 
produced by a stretch of a few millimeters, Le^ less than one per cent 
of the initial length of the muscle. As the stretch Is applied, rapid 
development of tension occurs. As an evenly applied pull is exerted, 
an increasing number of receptors In the muscle are successively 
brought Into action and, reflexly, an increasing number of muscle fibers 
contract While the stretch is maintained, more or less steady motor 
response Is elicited without fatigue for aj long as one-half hour. This 
action results In metabolic activity in the muscle and is a functional 
stimulation of the muscle. This type of muscle stimulation appears 
quite similar to the muscle rigidity of the abdominal wall reflected 
over the segmental representation of the Innervation of the inflamed 
intraperitoneal viscus. It is also quite analogous to the therapeutic 
effect of the spasm elicited In the erector spinae muscles and the quad- 
ratic Inmborum by kneading or stretching these tonlcally contracted 
muscles In an arthritic spine or a spine presenting trauma to the joint 
capsules and ligaments. 

Had Hugh Thomas understood the sound physiologic basis upon 
which the practice of passive motion and manipulation now rests, be 
would not have uttered that pronouncement which, bached by the 
weight of his great prestige and authority, has retarded the develop- 
ment of physical treatment and, especially, scientific massage, manipu- 
lation and passive motion among the orthodox profession, even till 
the present time, and fostered the development of schools of peripatetic 
“bone setters.” The full quotation of his momentous dictum Is os 
follows: 


“For many years after the commencement of my experience In 
surgery, I had the opportunity of observing the practice of those who 
had acquired a good reputation for skill as successful manipulators 
I have resorted to these performances, and for many years believed 
to my Interference fitted recovery. Long ago j J^Trom a 
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complete knowledge, confirmed by crucial tests, so selected them that 
I cannot find suitabic cases upon which 1 would perform the deceit 
known as passive motion. And whereas in the early days I bdirrai 
that much aid was given in recovery by passive motion, now I tnov 
by well-attested facts that some of my marvels of my past practice bad 
been marred by the very treatment I was so proud of.” 

This view, from so celebrated an authority, formulated and tar 
remittingly reiterated for the 15 years following 1875, substintiilei 
the enduring opinion inculcated in the mind of the British ree fer 
practitioner by John Hilton’s notable volume, “Rest and 
on his principle of treatment by rest without massage or manipulator 
He had, from 1853 10 I 8?8, successfully and brilliantly 1 

system of therapeutics in which exerdse, active antf passive, had no 
more place than massage or manipulation. The principles of Hutm 
and Thomas are still strongly operative in America In influeociof 
old-Btyle regular practitioner against physical therapeutic measures 


The Vasomotor Reflex Arc. — Besides the conception of the 
muscle-neural arc as a single apparatus, a motor system, we tre cco* 
corned with another reflex mechanism — the vasomotor 
which controls the supply of blood to the muscle and is impaired m 
efficiency in muscle subjected to accident or disease. The prad^ 
question arises as to the best means of maintaining health in a nuw* 
which is paralyzed (the muscle-neural arcs are disturbed) until U* 
restoration of nervous control. Suppose the efferent moiety of the arc 
13 Interrupted. In the early stages ol degeneration ol lib 
muscle, massage (which Is not a stimulus to muscle repair, but t 
stimulus to the neural arc) cannot be expected to do anything W 
harm If the arc Is entirely Interrupted. This muscle is as much m p" 0 
ol rest as a fractured bone. 

The question Immediately arises, first, as to whether there is 
satisfactory means of stimulating the vasomotor mechanism; 
secondly, whether stimulation ol this ere wil! have a benefidsl effect on 
metabolism of the flaccid and paralysed muscle. 

ii F uI*| U I“ t ' ly ! ’! vawm °tor arc is Intact, something can be accom- 
plished in maintaining the metabolism of the damaged muscle miff 
the voluntary control returns. The application of thermal attend**® 
aids in maintaining arterial supply venous return in the nrasd*. 


Physiology of the Painful Mu«le._Jt Is, of course, coo®** 
rfT K iW 8 h^o^l^'w iK<i ' lDfls med muscle is painful on motion- 

ELift TTi^Steta oMhf 5 ^ to relieve tuTpate by W* 1 ' 

ment. The origin of this musde pain apparently twofold? 

1. Spastic contraction of the Derint,.„i clinic* 1 

conditions is generally admitted^TWlfrl^^ Hn^^^as RaT 
naud's disease well niustrates Sis ^ kBom L dnirJ 

the pain hare teen saUsIa^t d^S 
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attacks of arterial spasm. Odermatt regarded spasm of tbe arteries 
as quite simitar to Intestinal colic. He found that sudden distention 
of the arterioles produced painful sensations. Where Irritating sub- 
stances were injected into arteries, no pain was produced unless tbe 
irritant reached the capillaries. He concluded that, under these circum- 
stances at least, the impulses giving rise to pain arose in the capil- 
laries and not in the larger vessels. Odermatt proved, furthermore, 
that painful sensations are produced by distention of arteries, regard- 
less of their sire. He believed that capillaries manifested sensibility to 
changes of caliber — both dilatation and contraction. Intravenous in- 
jections of salvarsan or uroselectan, as is well known, cause pain 
during the puncture of the vein wall and, if the wall is damaged and 
becomes spastic, painful sensations may persist for long periods. 
Stimulation of the perivascular sympathetic plexus is probably re- 
sponsible for this phenomenon. However, different arteries are found 
clinica lly to respond differently to obliteration by surgical ligation. 
All arteries are not equally sensitive to tbe compression resulting from 
trauma. Ligation of the superior thyroid artery often causes pain 
radiating to the lower jaw, while ligation of the inferior thyroid is 
notably painless. Odermatt found that ligation of the common carotid, 
iliac and part of the mesenteric supply was painful. He found that 
some arteries which were sensitive to ligation were painful when dis- 
tended. The true paths of the afferent painful impulses from the 
muscles are not entirely established. It seems definitely established, 
however, that these impulses pass through fibers connected with the 
posterior root ganglia of tbe spinal cord and are no different from 
sensory nerves elsewhere in the body; they simply happen to travel In 
the same sheaths with so-called sympathetic nerves. In the same 
sympathetic trunks, the efferent vasoconstrictor fibers may pass down 
to the vessels. Vasodilatation is probably not so simple a reaction as 
vasoconstriction. Lewis has convincingly demonstrated that dilator 
fibers may be present in the sensory nerves and not act directly on the 
vessel, but cause tbe liberation in the tissues of a histamine-tike body, 
the “H-substance,” which dilates capillaries by a direct chemical ac- 
tion on their muscle walls. 


2 . Muscle ischemia, either from vascular spasm or pressure on the 
blood vascular system of a muscle by edema, extravasation of blood, 
or the cellular products of Inflammation, may cause pain on active 
motion. Lewis finds that pain may develop in contracting musde, even 
without arterial spasm. His observations lead to the view thwf the 
stimulus causing pain is determined by some chemical or physio- 
chemical agency within the mass of muscle. When a muscle contracts, 
a release of metabolites occurs within the fibers, and, obviously these 
may diffuse and cause the painful stimulus. Histamine, or the “H- 
substance ” is also liberated in Injured or infiamed musde This may 
be the stimulating agent. At any event, a stimulation of the absorption 
by the drculation of metabolites or hista mine-11 ke substances or the 
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attacks of arterial spasm. Odermatt regarded spasm of the arteries 
as quite similar to intestinal colic. He found that sudden distention 
of the arterioles produced painful sensations. Where irritating sub- 
stances were Injected into arteries, no pain was produced unless the 
irritant reached the capillaries. He concluded that, under these circum- 
stances at least, the Impulses giving rise to pain arose in the capil- 
laries and not in the larger vessels. Odermatt proved, furthermore, 
that painful sensations are produced by distention of arteries, regard- 
less of their size. He believed that capillaries manifested sensibility to 
changes of caliber — both dilatation and contraction. Intravenous in- 
jections of salvarsan or uroselectan, as is well known, cause pain 
during the puncture of the vein wall and, if the wall is damaged and 
becomes spastic, painful sensations may persist for long periods. 
Stimulation of the perivascular sympathetic plexus is probably re- 
sponsible for this phenomenon. However, different arteries are found 
clinically to respond differently to obliteration by surgical ligation. 
All arteries are not equally sensitive to the compression resulting from 
trauma. Ligation of the superior thyroid artery often causes pain 
radiating to the lower jaw, while ligation of the inferior thyroid is 
notably painless. Odermatt found that ligation of the common carotid, 
Iliac and part of the mesenteric supply was painful. He found that 
some arteries which were sensitive to ligation were painful when dis- 
tended. The true paths of the afferent painful Impulses from the 
muscles are not entirely established. It seems definitely established, 
however, that these Impulses pass through fibers connected with the 
posterior root ganglia of the spinal cord and are no different from 
sensory nerves elsewhere In the body; they simply happen to travel In 
the same sheaths with so-called sympathetic nerves. In the same 
sympathetic trunks, the efferent vasoconstrictor fibers may pass down 
to the vessels. Vasodilatation is probably not so simple a reaction as 
vasoconstriction. Lewis has convincingly demonstrated that dilator 
fibers may be present In the sensory nerves and not act directly on the 
vessel, but cause the liberation in the tissues of a histamine-like body, 
the “H -substance,” which dilates capillaries by a direct chemical ac- 
tion on their muscle walls. 


a. Muscle Ischemia, either from vascular spasm or pressure on the 
blood vascular system of a muscle by edema, extravasation of blood 
or the cellular products of Inflammation, may cause pain on active 
motion. Lewis finds that pain may develop In contracting muscle, even 
without arterial spasm. His observations lead to the view that the 
stimulus causing pain Is determined by some chemical or physio- 
chemical agency within the mass of muscle. When a muscle contracts 
a release of metabolites occurs within the fibers, and, obviously these 
may diffuse nnd cause the painful stimulus. Histamine or the “H 
substance,” Is also liberated In Injured or inflamed musde This mav 
tht .UrauMng Atany ovmt, , .UmulaUon of tho abvjrptfoi 
by the circulation of metabolites or hista mined] ke substances, or the 
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edematous fluid produced by trauma or by muscle action, may rectify 
on abnormal status of the vasoregulatory apparatus; tills aids fa thr 
alleviation of pain on active motion of Injured or diseased musefc, We 
have a satisfactory agent for the relief of vasospasm In deep heat 
(diathermy). The application of diathermy for this purpose hu b«n 
recently described by de Takats. In the reestablishment of the biUnce 
of the vasomotor arc, the approved physical treatment is "coctritf 
baths/’ or the alternating application of beat and cold. Superficial im 
brisk skin massage, or eifleurage, is reflected through the vwoewto 
arc to the muscle, Inducing capillary dilatation of the muscle benestA 
but it Is doubtful if massage of the muscle itself is ever justlfufaefar 
this purpose and, in the flaccid, paralyzed muscle, probably fa actiroy 
detrimental to the maintenance of vasomotor stability ami metshocc 
activity. 


Active Motion.-— Muscular action of a voluntary nature compTf” 
bends a more intricate set of changes in muscle status than fa usmfar 
suspected. The single action of muscular contraction on the pad oj 
one muscle or muscle group, which produces the desired effect oi 
shortening one arm of a lever and moving a joJnt at Its fulcrum * 
center of motion, Is accompanied by two other types of muscle acfaoo 
d^cnb<?d as antagonistic and synergic. Muscle reeducation *nd toe 
r establishment of muscle cod rdi nation must contemplate the 
ushment oj all these types of action for every movement reMuatw- 
when a voluntary stimulus causes one muscle to contract, Its oppowm 
according to the law of reciprocal Innemtfac, * 
mhibjted, this fttihtates motion of the joint acted upon. A 
d>er cannot be in a state of physiologic contraction and rdaxatfc® 
the same time. For any muscular action exerted upon a Joint, s^e™ 
^L2T p3 , are lnvolved - We may recognize those which contract, 
those which relax and those which stmdydie^ving par*, as foflo^- 

or prime mover, comtltoie the &»' 
aaSt^. “ l ’ are the flexor museto of U* 

mr> < iton 1 ^1Cf 0 Sl roIBtitu " ^ • eCDad claw and, In tte*bove 

rtth the accomplfaht*’''? 

STiSSrfYha'rfS 11011 ' ^“^pfafa fa m *« i 

asisss 

S5S3S55s®^Mi5 

balance. In slowly accomplished nwtlr^JL’t.fJSiL,! Id^f 
and harmoniously to aveVrmar^T^ w thTpov 

tagonists. During violent „r^ ioD P™ 3 ^ 
quietly and almost comptete^^^^^^^ 
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by sudden relaxation Is taken up by the resilience of the elastic 
muscle. 

(c) The third class — the synergic or fixing muscles — displays an 
action which Is secondary and designed to aid the prime movers of the 
joint. In clenching the fist, the synergists are the extensors of the 
wrist, which aid finger flexion by lengthening the rigid arm of the 
lever by including in it the ulna and radius. Even the triceps may 
contract to steady the elbow when the fist la powerfully clenched. In 
reestablishing strength of motion in weakened flexor sublimis and 
profundus muscles, every physical therapy technician has noticed hcrw 
the synergists, If uninvolved in the pathology, will tend to extend the 
hand at the wrist when voluntary finger flexion is attempted by the 
patient. This constitutes an overaction of the synergists. 

Muscle Balance. — -As an adaptation to physiologic need, certain 
groups of muscles in the human body have developed In strength of 
motion and resistance to fatigue out of proportion to their oppose rs. 
In the lower limb, for instance, the antigravity muscles — which are 
the protagonists in enabling a man to stand upright— are, in general, 
more powerful than their opponents, while in the shoulder, the adduc- 
tors and Internal rotators overshadow the abductors and external 
rotators. Another example is the relatively greater strength of the 
flexors than of the extensors of the wrist and fingers. In splinting or 
immobilizing a joint in a cast, the principle of muscle balance must 
be remembered, as it is Important to put the muscle groups at rest in 
a position favoring the refetabllshment of motion in the weaker group 
as against the stronger. The joint most be flexed somewhat in the 
direction of the motion of the weaker group. More important still Is 
the admonition against allowing a paralyzed joint to assume the posi- 
tion of contraction of the stronger group, e.g., allowing an injured 
shoulder to be carried in a sling in the position of adduction and 
internal rotation until shortening occurs in the more powerful adduc- 
tors and internal rotators. More damage is done in the weaker group 
fay allowing overstretching than in the stronger group by allowing 
contraction and fibrosis. Sir Robert' Jones daims that in flaedd 
paralysis of musde, a single lapse in the protection of the weaker 
group against overstretching will set back the ultimate recovery of 
musde function for months. 


Musde Rest. — The position of fixation of a joint, when only one 
musde or musde group Is injured, inflamed or flaedd from paralysis 
constitutes an entirely different set of desiderata. The normal musde 
can be considered as possessed of two functions — that of contraction 
and that of relaxation. During the exhibition of either of these func- 
tions, the contraction of a musde or the relaxation of a musde to 
t0 u , tlK . COTtracti0D ° f to opponent, a mrude may be 
described os being m a state of Irritation. To be more tecWal 
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an ? °Oienj have described the histologic appearance of 
striated rnusde fibrils as consisting of an accordiondike arnragrmert 
0 spongioplasm suspended in a more fluid “hyaloplasm” wfcki 
permeates die interstices of the "spongioplasm” during relaxation ind 
CX *w!u * rom ^ >elwecn the folds of the accordion during cootrar- 
ing*stage~ 8tatGS rc P rescn ^ n g & change In configuration from the rest- 

The position of the serious Joints at which the opposing groups of 
varies with the anatomy of the Joint and usually 
2“ ^s* 31 capacity of the joint cavity. Generally it » 
Sw, the Jf most awful posiUon or the position of dedioo Ux 
roS^T' rS”** f w dcsire to P ut the joints and muscles producing 
orStnn 0 ^ ^ QHjlnar i° in ^ at rest, a point midway between 
nnd ^tH ^ supination is chosen, white, if the knee and its Scion 
SdrSrifwI! are t0 , be pat at rest, a position of aUght flexfoo fa 
it is J: Tm / ^h^ 11 ^ set of muscles Is weakened or paralysed, 
in a j0klt fa lQ B ach a position that the opposen re 

aidered tn j^kumtion or elongation beyond the normal status con- 
Sed equilibrium for riTpartlcular joint This fa 
which it is mmt j* 610 Position” and represents the position from 
umdon to h( ^ n ^ re&tablishroent of active 

°l mU5dc 5trcngth necessary in the 

weaW-d mad. caCf *S“» f 



can .btei&S”' ** of S erect pattahb* 
tion with the patienttatS?^!? ^ *7? ,yicg at 45 degrees ahdoC- 
abflity of the fiaedd P°»ition. Another example fa the 

lying on th at ride f cmor ** to flex the thigh of a pati®t 

inability to initb Jttof *?£*’ ?«ed » tar ckgrees, and tt 
with the weight of the ^ with the patient standing and 
apparently completely Dailw?^ B S»tait the weakened floor. Ah 
in “aero position," to exhibit 6 ^ m , Q3c ^ is often found, when tested 
lng for a minimum of tensile f J inclion under circumstances cslf- 
of “poverty of motion" may contr »utJon. This condition 

even by electrical testa, ln °»tor P ara] )’sis of a muscle which, 

or neuromuscular arc retraining 0 r 00:11 pletely functionless. Mied* 
floating in water takes advantage Jr 1 J’ rea kened muadea of a pad® 1 
function in initlatlog motion bv P rind P ,e of utliixing minim®’ 

which ia suspended in a raediumTr 11 D , g the weight of the eitremity, 
Such methods of reJducation a . P™ cUc,lll y its own specific gravity, 
live than stimulation by electric e?** ““ideied infinitely more effec- 
elidting the stretch refines ami Resisted roottom 

vasomotor tone with the iacreaabi ~ rnt!c itirmiiation to reestablish 
into this scheme ot muscle rehaSh latS*** 1 0( u * mu * c,e fit stwrthly 



Treatment of Muscle- Tendon Pathology 
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Physical Tkkatkent or Muscle-Tendon Pathology 


Contusions and Sprains. — The management by physical treat- 
ment of the acutely traumatized muscle and tendon is rather uni- 
versally standardized and generally accepted as consisting of rest, 
elevation; and the relief of edema and passive congestion. Little can 
be added to the general indications for treatment. The application of 
physical treatment to Injuries of soft parts presupposes that a definite 
diagn osis has been made. This assumption cannot be made without 
complete investigation of the possibilities of underlying bone and 
blood-vessel Injury. In 1912, Ross and Stewart provided ample experi- 
mental evidence that the ligaments have a greater tensile strength than 
the bony prominences to which they are attached. They showed that, 
when there is a so-called tear of a ligament, this takes place at the 
insertion of ligament into bone In the great majority of cases and 
that, with the tearing off of this ligament attachment, a fragment of 
cortex is wrenched loose. The common type of ligamentous injury, 
then, is a periosteal injury with the avulsion of an apophysis of bone. 
These ligamentous injuries are in reality “fracture-sprains,” not simple 
sprains. The same mechanism is operative when a tendon is Injured 
by sudden stretching, as, for instance, in falls on the extended arm, 
where the flexor muscles of the wrist and fingers and the extensor 
muscles of the elbow are forcibly stretched. Fracture is much more 
common than tear of ligaments or muscles, and if a muscle-tendon 
system is torn off, a fragment of bone at its insertion comes off with 
it. The indications for treatment of this “sprain-fracture” are entirely 
distinct from the treatment of a simple strain of muscle or tendon. 
X-ray diagnosis is essential here. Fractures of the greater tuberosity 
of the humerus are easily mistaken, if not x-rayed, for sprains about 
the shoulder and slight cortical avulsion. Fractures of the great 
trochanter tip or of the base of the fifth metatarsal, where the 
per emeus brevis inserts, are easily overlooked and considered, respec- 
tively, as gluteal strains or peronens tendon sprains. 

Injuries of the back are frequently dismissed from serious con- 
sideration as merely muscle contusions, and physical treatment is 
directed on a basis of this diagnosis. Writing on the ease with which 
mistakes are made In back contusions, Cohn makes several important 
points: 


"1. The diagnosis of contusion is not justified unless everything 
else is eliminated. 


3. Proper investigation will reveal a greater frequency of fracture 
of the transverse processes, incomplete fracture of the vertebral bodies 
and sacral injuries. 


vrith detailed records of our 


3. Early and careful examination, 
findings, will eliminate damage suits. 

4. Patients will suffer less permanent disability If tbei, conditinns 

are properly treated in their early stages.” nmuems 
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Meyerhof and others have described the histologic appearance of 
striated muscle fibrils as consisting of an accordkm-Ute arrangement 
of “spongioplasm” suspended in a more fluid "hyaloplasm wmo 
permeates the Interstices of the "spongioplasm" during 
is expressed from between the folds of the accordion during 
tion, both states representing a change in configuration from the rat- 
ing stage. , 

The position of the various joints at which the opposing ptraps ot 
muscles are balanced varies with the anatomy of the joint 
coincides with the largest capacity of the joint cavity. Generally u 
Identical with the most useful position or the position of dcction W 
ankylosis. Thus, if we desire to put the joints and muscles 
rotation of the radio-ulnar joints at rest, a point midway between 
pronatlon and supination is chosen, while, if the knee and its “ CXD ^ 
and extensors are to be put at rest, a position of alight 
desirable. However, when one set of muscles Is weakened or paratyxto-j 
it Is rested when the joint is in Buch a position that the oppose 1 *** 
In a state of relaxation or elongation beyond the normal status . 
sldered to represent equilibrium for the particular joint Than 
described as the "xero position" and represents the position IrtfQ 
which It Is most advantageous to begin the reestablishment of ^ 
motion, since the minimum of muscle strength is necessary Jn ^ 
weakened musde to produce the first few degrees of joint nwtioc. a 
weakened muscle cannot always produce voluntary motion * 
P^bon of greatest leverage and greatest relaxation of muscle. in® 
is exemplified In the deltoid weakened by paralysis, which Initiates rn 
abduction in the arm hanging against the side of the erect parent, Wt 
can abduct an arm beginning with the arm lying at 45 degrees 
6on with the patient in the supine position. Another example b u* 
ability of the flaedd quadriceps femoris to flex the thigh of a 

“do with the thigh already flexed a few degrees, and » 
inability to initiate flexion of the thigh with the patient standing ar* 
with the weight of the leg exerted against the weakened flexor- 
apparently completely paralyrad musde ^ oftcn fou nd, when testf 
in xero position, to exhibit some function under circumstances a&; 
h R£llS ,in f nUI ?. 0f n tensIlc ^Sth and contraction. This condtu* 
of hwyerty of motion may exist In motor paralysis of a muscle which, 
even by electrical tats, appears to be com^etely fonctionlesfl. 
or neuromuscular arc retraining of weakWd muscles of a P^ 1 


c v nt — -• Practically its own specific grarity- 

Suchmeth^of^^tlonare now considered Infinitely more effec- 
S r fl i ectric or massage. Rested root^, 

cHdt I !5 th thermic stimulation to refctablbh 

vasomotor tone with the increasing strength of the muscle fit smoothly 
into this scheme of musde rehabilitation. 



Treatment of Muscle-Tendon Pathology 


The beat guide as to the depth of massage is pain. The technician must 
be repeatedly warned and the patient advised that massage, to be 
effective and not injurious, must keep below the threshold of the pain 
impulse. 

The question of the early employment, after contusion, of heat or 
cold depends also upon the patient’s reaction. Severe angiospasm is 
painful, and if the application of either heat or cold, or the contrast 
bath of alternating heat and cold, leaves a painful extremity or muscle. 
It is contraindicated. In most cases, however, heat is the choice of the 
patient. However, it is Important to note that this Is not always true. 

In 1917, Leriche began to make osdhometric tests on contused 
extremities. His associates, Flerex, Albert, and later Fontaine and 
Miloyevitch, have repeated and elaborated these tests. After a con- 
tusion of any part in man, the peripheral nerve endings are exdted, 
and by reflex action the equilibrium of the vasomotor system Is dis- 
turbed. These oscillometric tests prove every traumatism to be, above 
all, a traumatism of “vasomotoridty.” The disturbance of the vaso- 
motor equilibrium expresses itself, sometimes after a brief stage of 
constriction, by active vasodilatation. As a rule, these vasomotor 
changes are transitory and hence of no importance to the physical 
therapist. Sometimes, however, the disequilibrium persists, and either 
(1) a chronic spasm and constriction of vessels or (2) vasodilatation 
becomes a permanent state. Furthermore, Leriche believes that the 
vasodilatory state is not continuously the same, there being at the 
beginning a varying period of active vasodilatation with local hyper- 
emia, followed finally by passive vasodilatory changes with cyanosis. 
It is difficult to analyze the reasons for this sequence or to account for 
it definitely on a basis of our present knowledge of the autonomic 
nervous system control of the caliber of blood vessels. It presupposes 
an active vasodilator mechanism which, as has been mentioned above, 
has not been satisfactorily demonstrated in man. Individual sus^ 
ceptibflity may be the dedding factor. With Policard, Leriche has 
demonstrated that an atrophy of bane, as well as of muscle, occurs 
concomitantly with vasodilatation In the adjacent soft parts. In the 
first class, with beginning chronic vascular spasm, It is important to 
secure the return of the normal vasomotor balance by gentle massage, 
mechanotherapy, graded exercises and, above all, penetrating beatby 
diathermy. All these means of stimulating vasomotor tone may easily 
be overdone, and the danger is greater In too energetic than In too 
moderate treatment. 


In the group -with vasodilatory reactions, unless elevation of tie 
Pjut and bandaging to relieve the swelling ar e Instituted, edema and 
fibrosis may ensue, like the so-called •brawny edema” of lymphatic 
obstruction plus Infection, Leriche beh'eves that the type tfthmuL 
dflatations should be treated by the topical application^? ?dd 
or even ice, at frequent intervals. He raises the question of the ™tw.I 
value of local blood-letting, an antiquated -SSfJfc'SSd 
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uon. The origin, Insertion ~ a ? on fa lerms of nrasde ftmc- 
con-ejjiond mechanicaDv i Q th. a>U '? ? lbe affected musde ihoold 
d^ipatlon of the trauZt ll r probabIe u »« of tnuuSHd 
too ®evere, or the Eft ™ 8 to ,™' If <he objective symZL“ 
J?^*| a ^ch for otheV Sni^°\ of force a giro 

ostrtnfts." 00,5 of Uk nwst^?®’, 11 ™ 1 ""“de-tendon injury mut 
“‘“Path stands out inXf ^T'? laT "Stakes ever made by an 
min ,.'f«ed, as a medicai t,,d °! 1 "f WT ^* er * This occurred when 
□in Tnr 1 - rom fhe tip 0 f , . ri! j the removal of a gangrenous 
pain end 11111 ^ becn s »alIowefl P~‘ ru *<i, one-half the length of i 
Prior r„ ft 1131111 Qf the psoas m W f b! , aarlier and had caused severe 
< J Jera rive ir^ 1 "' 0 whJd > ft had penetrated. 
had^been'tt^ 1116 pat| ent’s tender tie advTnt of gangitnois 

* «nStaEr*P y “" d WierX?, ? 0 ” lraclfd ri « ht P*“ 

strained A retrocecal apoendM^ ma5M * cd nnd manipulated 

spastic o.^d^. mu ’ d «! and an* 1 ;!??^? 5 . a,n eadly ■* treated for a 
, Injnrte, S’tte ""“da for a ' lraiDrd ^ 

advern'o? rwu n 1 r dial head ^a^su^do'? 1 ' 0 ' 5, “ r f fou,M) 10 C 0 '*' 31 * 
portant, since m *“**/ examlna fj n ? S*??, number of cases since tie 
the radial head™ 15 " ^ these fractur^^^^ 13 ’ onti this h most to- 
confused inlurie -. 0 ) 1 *?* offending f r ^l' 5trv ' immediate removal of 
is coEli E that of One of the most easily 

synovia itTwIr * £S£.° , „ th t 


^ commonly though of tra *»vef*?f*I! # t8 - 011 e of 1116 10051 
synovitis n^mrt^? ht il b ' a »Prah^r f i™ CtUJ ’' of ti “ scaphoid, vrhidi 
reveal the deiicnt^f Wri3t ’ bemuse th. b ? UIKn,s or a traumatic leno- 
later, after " rat : "V Pi«ttre does rto 

(which constanUy^i^h^tPtion oTthl ?* oth ' T dew, taken a week 
“*? « a radiolu^T? *" fractures) ,£!!' ™tglns at the iractwe 
As to the use of .t ^fect. ’ fben afiovrs the fracture to be 

the severdvlon.,,.i? aUon and re., k. 

•ha time, however at sSn?'' there ^]hfi intB 0r h'S 1 " haath^aS r f or 
the edema or prodnr* W ™ cil efileuraerr * cont roversy. RegarcEng 
tie stretch reflexes ° f t in flam nia L 0r ^ P Ur P«e of dissipating 
should be initiated th* * 11 7 lu i 4 te the ° r c ^ ee f >tr massage, to elicit 
believe that Passive i™i,5 rf,lI(m » of i|& 0tor ar c of the musde, 
supplant massage. Thk 00 ^ r eslstivr technfdans vary. Some 

masseur. Tn n-n. . ,. Pcohahlir exe rdse ahouM timnat «iffrrlv 


nmi »cu r. In general a depeST^ 5bould almost entire]) 

masseur, the more his ^2,5* 2.?.^ Psychology of the 

massage during the proces^ 0 ^ to damasri^f more I S norant ^ 
5 0f hcaJ ingSnfl InJ J Ured muscle by d«P 
^ damaged parenchyma. 
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The best guide as to the depth of massage is pain. The technician must 
be repeatedly warned and the patient advised that massage, to be 
effective and not Injurious, must keep below the threshold of the pain 
impulse. 

The question of the early employment, after contusion, of heat or 
cold depends also upon the patient’s reaction. Severe angiospasm Is 
painful, and if the application of either heat or cold, or the contrast 
bath of alternating beat and cold, leaves a painful extremity or muscle, 
it Is contraindicated. In most cases, however, heat is the choice of the 
patient. However, it is Important to note that this Is not always true. 

In 1917, Leriche began to make oscfllometric teats on contused 
extremities. His associates, Flerex, Albert, and later Fontaine and 
Mfloyevitch, have repeated and elaborated these tests. After a con- 
tusion of any part in man, the peripheral nerve endings are exdted, 
and by reflex action the equilibrium oi the vasomotor system is dis- 
turbed. These oscfllometric tests prove every traumatism to be, above 
all, a traumatism of “vasomotoria ty.” The disturbance of the vaso- 
motor equilibrium expresses itself, sometimes after a brief stage of 
constriction, by active vasodilatation. As a rule, these vasomotor 
changes are transitory and hence of no importance to the physical 
therapist Sometimes, however, the disequilibrium persists, and either 
(t) a chronic spasm and constriction of vessels or (2) vasodilatation 
becomes a permanent state. Furthermore, Leriche believes that the 
vasodllatoTy state is not continuously the same, there bring at the 
beginning a varying period of active vasodilatation with local hyper- 
emia, followed finally by passive vasodflatory changes with cyanosis. 
It is difficult to analyze the reasons for this sequence or to account for 
it definitely on a basis of our present knowledge of the autonomic 
nervous system control of the caliber of blood vessels. It presupposes 
an active vasodilator mechanism which, as has been mentioned above, 
has not been satisfactorily demonstrated in man. Individual sus- 
ceptibility may be the deciding factor. With Pollcard, Leriche has 
demonstrated that an atrophy of bone, as well as of muscle, occurs 
concomitantly with vasodilatation in the adjacent soft parts. In the 
first class, with beginning chronic vascular spasm, it Is important to 
secure the return of the normal vasomotor balance by gentle massage 
mechanotherapy, graded exercises and, above all, penetrating beat by 
diathermy. All these means of stimulating vasomotor tone may easfly 
bt overdone, and the danger la greater in too energetic than in too 
moderate treatment. 


In the group with vasodllatory reactions, unless elevation of the 
part and bandaging to relieve the swelling are instituted, edema M d 
fibrrms may raw like the so-called "brawny edema” of lymphatic 
obstruction plus Infectlou, Leriche believes that the r™ 
dflataam, iould 1* treated by the 

or even Ice, ot frequent intervals. He raises the m«tl™ „r .t. ’ 

value of local blood-letting, an antiquated method for the tSfef 0 f 
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Especial care must be displayed in the study of sprained and trade 
muscles to determine whether the trauma described by tbe patient 
really severe enough to have resulted In the degree of ten demo, 
spasm and loss of motion displayed by the injured muscie-traoai 
system. On examination of the patient for tenderness and Incrttstc 
consistency of the various affected muscles, the examiner must ibny* 
try to find « suitable mechanical explanation in terms of musck reac- 
tion. Tbe origin, insertion and course of the affected muscle 
correspond mechanically to the probable lines of transmission *nd 
dissipation of the traumatizing force. If the subjective symptoms in 
too severe, or the lines of transmission of force unlikely after * gh® 
trauma, a search for other pathology than muscle-tendon fa jury awn 
be made. One of the most spectacular mistakes ever mtdt fry/ f 
osteopath stands out in the mind of the writer. This occurred wfr* 
he witnessed, as a medical student, the removal of a gangrene* 
appendix, from the Up of which protruded one-half the length fa » 
pin. This pin had been swallowed weeks earlier and had caused 
pain and spasm of the psoas mu&cle , fnto which ft had 
Prior to the operative removal following the advent of gangrew* 
appendicitis, the patient’s tender and contracted right p*oas 
had been thoroughly and conscientiously massaged and manipulate 
by an osteopath. A retrocecal appendicitis can easily be treated 
attained psoas muscle, and an infected kidney for n strained ano 
spastic quadratus lumberutn muscle. 

Injuries o( the muscles about tbe elbow are found to cooca * 
fracture of tbe radial bead in a surprising number of cases store tx 
advent of routine x-ray examination of injuries, and this Is mre* 
portent since many of these fractures deserve Immediate removal a 
the radhd head or the offending fragments. One of tbe most reb? 
confused injuries Is that of tra as vers? fracture of the scaphoid, trhlch 
* ‘Pmln Of ligaments or a traumatic t®* 
synovitis about the wrist, because the first x-ray pfetate *» ■#* 
’*“• thito another view, taken » 
al T ptbn of the bone margins at tbe <«£“£ 
(which constantly occurs to fractures), then allowStbe fracture to be 
seen as a radtolucent defect. 

. y 10 U5e 'f^vstlon and rest by spliuts or light bandog!" g f« 
5! T?' ’ "«« b mile conlrrwersy. Reg»"*£ 

S «£» « ~ 

&Sdte uuSS. 5*dH"TSh*£ 01 

believe that passive motloa or resistive exer^e tSSd^hnosPeotirefy 

=•“ 5S®S*«smS&s £ 



Volkmann’s Ischemic Contracture 
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Robert Jones has often pointed out, these surgeons’ prejudice is based 
on the faulty technic of their procedure. In forcible manipulation, the 
following precepts are mandatory: 

i. Pre liminar y bating, massage, and manipulation must be con- 
tinued until no further Improvement of function can be obtained. 

а. No acute or subacute “arthritic” joint must be manipulated, or 
its attendant muscles forcibly stretched. 

3. The muscles to be stretched must be massaged while the stretch- 
ing is taking place. 

4. The operation must be performed in stages. 

5. At each stage, one motion only can be attempted. For instance, 
only the adductors of the shoulder can be stretched at one operation. 
Internal rotation and external rotation must be accomplished in two 
more separate operations. 

б. Motion is continued only until adhesions about, or fibrous bands 
within, a single muscle or group once are felt to lengthen. Often a snap 
accompanies the breaking of adhesions. 

7. The new position of the lengthened muscle must be maintained 
after each operation. 

8. Heat and massage of the treated muscle must be continued until 
the tenderness resulting from the forcible stretching has disappeared, 
before another group is stretched. 

By this graded method of forcible manipulation, extended over a 
period of several weeks, residual shortening and stiffness in contracted 
muscles may be alleviated. This method of manipulation should, how- 
ever, be employed only after beat, massage and active and passive 
motion have failed fully to restore function. In contraction of the 
flexors or extensors of the fingers, continuous elastic traction may 
expedite the ordinary methods of physical therapy. 


Volxumto’s Ischxydc Ccntuacture 

Stromeyer (1838) and Volkmann (1869) described this disastrous 
complication of Injury and subsequent ischemia producing a flexion 
contracture of the fingers, wrist and forearm. This condition well 
exemplifies the necessity of cooperation of surgeon, physical therapist 
and patient in the treatment of every phase and stage in Its develop- 
ment. Once established as an extensive degeneration and atrophy of 
muscle parenchyma, with fibrosis of the muscle-tendon stroma and 
seccndaiy involvement of nerve trunks and joints, it challenges the 
most expert attempts at reconstructive surgical treatment. 

The forearm is the commoner region involved, but other anatomic 

t ^ tg '' ** le *' long muscles are encased 
beneai deep and miyielding layers and septa of fasda. Volkmann 
hlmaelf considered the contracture aa due primarily to the Interim^ 
wuh the circulation of muscle cells from right sparing' S 
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congestion, Later, he advises alternate local or general douches of btf 
and cold water, as in the hydrotherapy practiced at Aix-les-Balra, 

The Rupture of Muscles and Tendons.— The rupture or partial 
rupture of a muscle or tendon may result from muscular violence * 
from jl direct sharp blow on a contracted muscle or tense tendoo-If 
the attachment to a bone Is avulsed, it must, in most cases, be surp- 
cally repaired. Immediate repair of ruptured muscles and their tbotM 
and tendons should be undertaken before contracture of the. nutsoe 
and fibrosis of the stroma have occurred. If Immediate repair b w* 
feasible, coaptation splints should be applied to the muscle bdly to 
prevent contraction and separation of the ruptured parts, as Cbtm 
this Is possible. The part should furthermore be put up In the posh® 
assumed by the muscle during contraction, in order to approximate the 
separated parts and prevent shortening and contracture of the 
lag muscle group. After repair, the muscle must be lmmobfUred In 
same position, and the application of physical treatment, except beat, 
is contraindicated for a period of six weeks to two months. After ten 
days to two weeks, however, a repaired tendon can be passively nxr- 
daily by gentle manipulation of the joint Involved in its mw® 
through an arc of a few degrees. The splint should be replaced ton* 
djately without the exhibition of any active motion. The same coo* 
sideratfon m treatment is shown the avulsed tendon attachment, alter 
the spicule of bone it carries has been nailed back. 


The Chronic Trauma tired Muscle.— The patient often pre^s 
himself for treatment after fibrosis and contracture oi an to)®* 
muscle, and sometimes of its synergists, have already occurred. T* 
question of gradual or forcible stretching presents itself. The gn^ 
B ^ CtC y Dg °L a * hort f ene d muscle is distinctly an art. The novice almost 
always expects results tn h* Irina 


7 . . ° muscle is distinctly an art. ine novi^ 

alfmys expects results to appear too rapidly. Massage, after baking <* 
^thmy h« wmewhai softened the muscle, is the routine apj*t*£ 
Pain, or at least discomfort, during treatment does not prevent a 
m ."S*"**’ but an unusual amount of Bkffl b 

of indicates damage to the 
a 2 erio ^ ^ ^es tl on as to whether dally hnprovem«* 

'FT 1 “““S* InXch a ccar* <£ 

rcacBcd where no further Improvement 

of the adjacent joint b unbearftbk. 
oo^vfjeed that no tuberculousor gonorrheal infection 
exists in the joint, and no active nrthrin. ..T., „i n nUtloa 

of the joint nod attendant T, U ' 8 ford !’ ,P TSS- 

Uonn-KM. be attempted. Tbe a , Krl “ of TStL- 
geotu itiennoujly to condemn f 1 °f I maI j y thdi 

own unfortnmte experience In too du ' ( -/r joint 

nod .hortened muede gronp, 

n^mt.ted hnn made *£%<£££[ t 



Volkmann’s Ischemic Contracture 


CHujUt *1 i*y 
Vrturt nJ 

The onset of symptoms, the ischemic stage, fa often acute and fol- 
lows the damage to the muscles within 12 hours. Before the extrinsic 
pressure of the splint or cast fa removed, or the circulatory obstruc- 
tion is relieved, the part distal to the injury becomes cyanotic or gray, 
cold and pulseless; edema develops and the pain fa severe. Flexion 
of the fingers begins to appear, and attempts to correct this aggravate 
the pain. Removal of the cast alleviates the pain to some extent, but 
the swelling continues to be present for several days, though the pulse 
returns. The flexor pronator group now feels firm to the examining 
finger and may be palpably friable. Loss of power fa noted in this 
muscle group, and shin sensation over the median or ulnar distribution 
may be decreased. The patient finds the hand now practically useless 
in grasping. 

Some cases develop more gradually, with a smaller degree of pres- 
sure or obstruction on removal of a splint, or, on examining an In- 
jured arm several days after immobilization, the affected muscles 
are found to be firm and have started to contract. Pronation and 
supination are limited, and the forearm tends to pronate If the pro- 
nator radii teres fa Involved. Often elbow motion fa limited. On re- 
moval of a cast or splint, if muscles and skin are found sloughing from 
pressure, the harm has been accomplished, even though no warning 
pain has been experienced. 


Treatment. — The treatment at various stages furnishes a striking 
and typical example of the importance of adopting the viewpoint of 
muscle protection treatment daring all phases of the surgical man- 
agement of injured extremities. Propaganda against circular casts 
for the Injured elbow and forearm and attempts at forcible retention 
of reduction or coaptation of fractures by splints has been thorough 
and, in general, effective. Thorough training In the surgery of injury 
includes inculcation of the principle of complete and anatomic re- 


duction of fractures of the humeral condyles with early open opera- 
tion, if gently applied closed methods fail. The education of every 
medical student must feature the dangers of any fracture treatment 
which leaves the part painful after reduction has been accomplished. 
In elbow fractures, in which the Jones position of complete flexion 
and supination — even If the fractures by subsequent roentgenologic 
check-up are seen to be perfectly reduced — leaves the elbow swollen 
and cyanotic, or pulseless, the complete flexion must be discontinued. 
Every elbow or forearm fracture or Injury must be Inspected at fre- 
quent intervals during the first few days for the advent of any of 
these dangerous symptoms of Impaired circulation. In some Injuries of 
the forearm, with or without fracture, it is wise to decompress the 
muscles by lateral slits through the deep fascia. It fa better to employ 
elevation and traction until any unusual degree of swelling disappears 
th^j, to .insist OH taunediate reductfao. Hot drawing, and 
old fa the relief of totrfadc prewore of moderate degree. Immedtae 
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^ra^ n »V«? C ^ 1 i! a Q R d ischemic necrosis. The degeneration of nrasde 
nf _ Bardenheuer to be due to toxfc necrosis as the result 

A . ^ explanation is that of J. J, Thomas, irbo 
, nro j , aCTVe involvement was not a complication bat a kc»- 

°S c / acl f * n assoc tatKm with Ischemia and varying grades 
nnr)ltmtfr.n°^f trU ? ? n ' ^ a PP arent - lhat extrinsic pressure from the 

i? of a 6ght splint, circular casts or Esmarch bandages is i 
of th/'- condition, but Bardenhcuer found that 8 per cert 

tlrm c f currecl Jn fractures where no splinting or imnxfcffia- 

strated *w * was a dm£nistered. Jepson, and later Lewis, demco- 
dren ncca JJ u hition of blood or the advent of edema in the 

(Prentiss) on the flexor surface of the forearm can 
^ *"« to *9 out of 40 OSH 

u8 cases trrvftLr^ 1 ! 1 [ ra( J ure shout the elbow. Meyerdfng found, la 
od at the Mayo clinic, that about 5 per cent bad bad 



no fracture, and that in ^ ^ 

was involved and had hZ. r) f f r Ccn f of ^ fracture cases the humerus 
supination and flexion of thf^u ^ ^ J OTM r^toi of complete 
when the condyles are comrO^ position is probably Weal 

backward position, with th7n™!l£ / educ ®d ^d not left displaced in * 
space, cutting ofl the arteri.f?? forced into the antecttblttl 

return. Murphy first suRjnsteH J. 0 ^ •“PPly and blocking the venow 
slit into the deep vaginal by an anterolateral ulnar 

In a few hours after comcm^ De ? n Unris has repeated this, 
pressure upon the flexor wom^ 1011 ’ ether extrinsic or intrinsic 
established, the pathologic f^eotm muscles, has been 

Irretrievable damage is tQ , ! c 5’ 7 uiosis and swelling appears, 
muscles become necrotic, friable ^thin a short time. The 

sented by fibrous cords, and the v^T, Rnemic ' Later, they are repre- 
hand are encased in n fibrous mau <n‘ md ncrvt ^ io the forearm *■» 
ischemic atrophy and the otroubvAr Jf. b «»mc softened, 

flshment of muscular contracture S 13 * develop. With the est&b- 
the motion of the joints. ^ ngidity, fibrous ankylosis limits 
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The onset of symptoms, the ischemic stage, is often acute and fol- 
lows the damage to the muscles within i j hours. Before the extrinsic 
pressure of the splint or cast is removed, or the circulatory obstruc- 
tion is relieved, the part distal to the injury becomes cyanotic or gray, 
cold and pulseless; edema develops and the pain is severe. Flexion 
of the fingers begins to appear, and attempts to correct this aggravate 
the pain. Removal of the cast alleviates the pain to some extent, but 
the swelling continues to be present for several days, though the pulse 
returns. The flexor pronator group now feels firm to the e xam i nin g 
finger and may be palpably friable. Loss of power is noted in this 
muscle group, and shin sensation over the median or ulnar distributlcai 
may be decreased. The patient finds the hand now practically useless 
in grasping. 

Some cases develop more gradually, with a smaller degree of pres- 
sure or obstruction on removal of a splint, or, on examining an in- 
jured arm several days after i mm ob filiation, the affected muscles 
are found to be firm and have started to contract. Pronation and 
supination are limited, and the forearm tends to pronate If the pro- 
nator radii teres is involved. Often elbow motion is limited. On re- 
moral of a cast or splint, if muscles and skin are found sloughing from 
pressure, the harm has been accomplished, even though no warning 
pain has been experienced. 


Treatment, — The treatment at various stages furnishes a striking 
and typical example of the Importance of adopting the viewpoint of 
muscle protection treatment during all phases of the surgical man- 
agement of injured extremities. Propaganda against circular casts 
for the injured elbow and forearm and attempts at forcible retention 
of reduction or coaptation of fractures by splints has been thorough 
and, in general, effective. Thorough training in the surgery of Injury 
includes inculcation of the principle of complete and anatomic re- 
duction of fractures of the humeral condyles with early open opera- 
tion, if gently applied closed methods fafl. The education of every 
medical student must feature the dangers of any fracture treatment 
which leaves the part painful after reduction has been accomplished. 
In elbow fractures, in which the Jones position of complete flexion 
and supination — even if the fractures by subsequent roentgenologic 
check-up are seen to be perfectly reduced— leaves the elbow swollen 
and cyanotic, or pulseless, the complete flexion must be discontinued. 
Every elbow or forearm fracture or Injury must be Inspected at fre- 
quent intervals during the first few days for the advent of any of 
these dangerous symptoms of impaired circulation. In some injuries of 
the forearm with or without fracture, it U wise to decompress the 
musde. by toterat slits through the deep tarda. It is better to employ 

aid in the reHef ot intrinsic *££* 
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debridement and loose closure or drainage of contaminated nsude 
injuries prevent deeper Infection and the effects of pressure fa lie 
deep muscular compartment, 

Meyer ding has admirably divided the treatment of the estabioW 
condition into several groups, which can be modified somewhat, » 
follows: 


t. When the muscle damage has occurred and has been diagncwl 
kij * k* hours by the symptoms described above as the onset, 
abandonment of the treatment of fracture or Indslon of the (oreann, 
OT j t Rre ^^ ca ^ e d < Relief of minor grades of swelling can be ob- 
tained by skilled massage. Surface stroking (avoiding the edamt£®J> 
swollen and painful area at first and gradually encroaching apoc ft 


, r P® m or discomfort. In the words of Menneu, * 
^od^working law is that if pain can be relieved by massage, aH b 
***<** In a warm whirlpool bath, followed by gentle 
?^ icalc d * or edema resulting from contusion. Gentle trsc- 
tton on the fingers by means of a banjo splint or the type of 

dt Tl Wd by Koch . with «>mUOT of the arm, should be 
employed durrng (he period, when physical therapy Is not W* 

t, fa first seen several weeks after the contractu* 

wttanTh?.' u ,P roba % of little or no value. Tbe hematwa 

b^rThe^lSTof Wgtly R ‘ Wdtd . * cd fit™* 13 «f <f>e nrasdsto 

hath and active “d edema by massage and whlrlp?^ 

whrtfeTf^Te * ““ted. It Is a matter for careful dedd* 
Ilrable. After thTfin? 1 ^ 1100 tQ str ? 1cl1 t,lc contracting muscle b jb- 
Traction splints wtfh ^eeeha it U unquestionably detrtmeotiJ- 

i^J^e^^^f^enslon $ mean, of elastic ban* 

produce of palm At^h!^ 6 ^ T 1 * traction must be gentle aod^f 
the hand should be Parent conies to the surge*, 

compression and, if tSTbf rt)! <0 * ij* si P“ of alnar OT 
dicated to free the nerve n* gr “”f d ’ “ operation Is immedlatefr 
necessary. fr0Tn dcatrix. a neurolysis being done > 

a deformity ot*J^ < ^^, rf . pati f 118 ’"*0 present themselves 
straitened, or atUnZJ Ura!iM1 ’ ^ rrhich the fingers can be 
wh*i there Is no with the wriri flesed, M 

of the angers or wrist. Ottm??,, 0 ' *'j fr ™N; In the joint ai*u>a 
and there ore symptoms of nerve “ U and ““T •* P uJ **3 

less favorably to tl* Tone* tr M , n 1 * vement ' patients resp<**j 

massage and are best opemttd cootliroous extension a* 

massage to restore flexJbCJfy R ^ r a of stretching ^ 

supply. The operation of cbotm u ami i«cre*»e the blood 

b v* BaHey operation of severing 
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the flexor supinator group and the pronator radii teres close to their 
origins and transplanting them farther down the forearm. The Max 
Page modification of transplanting the inner condyle, which gives origin 
to a large number of the fibers of the flexor-pronator group, to the 
inner aspect of the ulna offers a larger chance of establishing a firm, 
bony origin for the shortened muscles. Either of these procedures offers 
less chance of resulting fibrosis than an attempt at tendon lengthening 
in the wrist or forearm, where the tendons are already anemic and 
atrophied. After from one to two weeks’ rest on a cock -up splint, active 
physical treatment must be continued to preserve the blood supply 
of the shortened muscles and prevent fibrosis In the new region of 
operative injury. Elastic traction splinting may need to be resumed. 
Active motion Is of prime importance to preserve the neural and 
vasomotor arc. 

4. A last group of old contractures have atrophy of the bones and 
ankylosed Joints, as well as atrophy and fibrosis of both flexors and 
extensors of the wrist and fingers. The fingers cannot be straightened 
and yield no results from prolonged physical means of treatment. 
Surgery Is definitely indicated here to restore somewhat the normal 
appearance of the hand, which may a till retain a slight grasping power 
or somfe degree of opposlbllity of the thumb. 


Spasm or Voluntary Muscles 

There Is a large group of cases which appear for treatment with a 
tendency to spasm of a muscle or muscle group. These have been 
divided into “functional” and “reflex” or “Irritative,” but at a glance 
It can be seen that in any particular case It is not always easy to 
decide that the condition is purely functional, without a reflex com- 
ponent. There is no doubt that a contracture may begin as a func- 
tional or occupational type, and later cm impairment of the neuro- 
muscular arc or vasomotor arc may occur from disuse of the part. 
According to cause, a better grouping suggests itself, as: 

I. Muscle habit and occupational 

II. Reflex. 

a. Without a vasomotor imbalance. 

b. Accompanied by, or the result of, vasomotor Imbalance. 

III. Symptomatic of toxic, constitutional, nervous disease. 

IV. Hysterical. 

The first group may, fn some Individuals, be explained by sug- 
gestion, the habit of contraction being established as the result of a 
trivial trauma which causes slight pain on motion of a musde group 
Any trauma which disturbs the normal mechanism 0/ the muscles 
may lead to a purely functional disability. It is difficult to draw the 
fine between these and cases of purposeful exaggeration of ilipht 
symptoms resulting from the desire of the patient to receive com- 
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pensaUon or to substantiate a claim In common law. Apparently, the 
habit of contraction of a certain muscle or group at first Is voketry, 
but later the patient, by autosuggestion, believes that the cooiixb® 
actually exists, and finally Is unable to control the action of the prop 
involved. This type of reaction can be described as conscious awl oa- 
consdous malingering, the patient at first realizing that he has » 
disability, but later being unable to distinguish between Idgwd 
real disability In function. This represents one of the most cfiMj 
sequels of injury arising in connection with workmen's compensatioc 
claims. 


The commonest type of occupation spasm Is writers* cramp. Ary 
occupation which requires constant use or overuse of a muscle h 
likely to produce a similar spasm, especially If the muscles engage 
in the occupation perform some highly specialized movements wnkh 
necessitate elaborate coordination. Thus, U Is not uncommon w 
writers, stenographer* and watchmakers to lose the use of their han® 
from spasm, the muscles commonly affected being the flezor 
of the fingers. A similar condition 1* seen In the new military recrtnU 
^ c f me from the class of men not accustomed to much wdkfog 
c nH 0 < * eve l?P marchers’ cramp of the feet during the early yw* 
of military training. The pain may be located in the calf muscles* 
involve the short flexor muscles of the toes. True equlnowus may 
develop. Physical therapy technicians develop a similar cramp w 
forearm muscles. These various spasms are commonly thought by 
?* Ejfk® 1 t0 ** due t0 a neuritis. Children practicing at the 

“^Hest a quite simjlar condiUon. There is dwsy* * 
quotkm of the Importance of the psychic element to such a thW- 
mistake to the diagnosis of spasms about : t* 
5 ™' “V 7 c ™»«i«tog these to be primary and due to occnpatlWi 
wtenUMy are to reality a reflex attempt for the muscles partWjy <f 
JSSJuT ."i i 0 *” 1 or prevent motions of the shoulder which 

aggravate a subdeltoid bursitis. 

reSex'inasm that !t ** »°t "Iwavs possible to sepsr»« 

exaratoZ? *> «* <* «»**g*- 

irfblr for thr 'r V ” 1 *** Inflammatory lesion which is Wr 

turbance, or “^ *** “5 

or lead to the establish starting point of on hysterical dbwwjjj 

-uTuag srssissriji^ ? tob & 6n S 

sensation due to the prfmarv fnh?' T ^ c actua ^9® nro- 

tectlvt contraction of raS whtoiT may P 335 oft ’ but ^ 
part may persist, so tbatM ft?? Pt^ms movement of the toj“ 
the original trauma fa aon raj^,^ of 7 aml “ lUon no evident* 
be associated with a vasamot reflex 5 P Mm may 
be a dfaobltog pain. It fa tmporram^Sf 1 ' In * itiKr ca5e ' jZ 
to pressure on a sensory nerve orV°. b J DW wbttbcr 11153 P 31 ” j* j* 
to a tender scar on the InwT , for ln stance, where It ** 
m »W* of the foot, rusher fibrosis W 
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involved some sensory terminations, which may result in walking on 
the outer side of the foot with the member held in supination. With 
the passage of time, the pronators and external rotators of the foot 
become flaccid, and the supinators and internal rotators become 
spastic. Different types of anesthesia may develop. If there is an 
actual nerve lesion, the sensory distribution of the skin of the part 
gives the typical changes in protopathic and epicritic sensation. This 
aids in making a diagnosis as to the nerve involved and the level of 
the lesion, so that a definite indication is established for an operation 
to free the nerve from fibrosis. Partial lesions of the median nerve 
furnish the commonest example of reflex spasm and result in a serious 
and disabling type of pain called causal gia. The writer has seen two 
such sp asms affecting the muscles innervated by the ulnar nerve with 
a painful paresthesia of the small finger and ulnar border of the hand. 
Anesthesia or hyperesthesia depends upon the extent of the lesion 
of the nerve. 

There is another type in which we find an organic anesthesia, a 
functional change in the use of the muscles, and a loss of skin sensa- 
tion may persist Indefinitely. The question always arises here as to 
whether the disease is due to vasospasm or peripheral nerve injury. 
Ordinarily, in case of vasospasm, if this is of sufficiently marked 
degree, atrophic changes finally appear in the skin, and the part 
becomes blanched or cyanotic, depending an whether the lesion Is 
principally venous or arterial. As mentioned before, the musde, as 
well as the skin, is affected by these vascular changes, as determined 
by the experiments of Leriche. The anesthesia of vasomotor type 
does not, of course, correspond to any nerve distribution. There is 
likely to be some edema, and the skin ultimately may desquamate; 
or there is a loss of the hair, and the nails become deformed if the 
part affected Is the hand or foot The anesthesia In these cases Is 
much like the anesthesia of disuse described by Babinski and 
Froment. Before the importance of the vasomotor tone in these cases 
was fully appreciated, these authors described the above condition 


as physiopethic contracture, and Siccard called it “acromyotonus.” 
Weir Mitchell, writing many years ago, had evidently recognized 
these cases as different from the ordinary muscular spasm without 
vasomotor involvement, which he called “paralysis from peripheral 
irritation.” Every physical therapy technician has noted that, in treat- 
ing any long-standing injury of an extremity, even when spasm or 
paralysis is not present to any appreciable degree, there may be a 
marked vasomotor disturbance, evidenced by excessive sweating in 
the hand or foot of the limb involved; also, that this vasomotor dis- 
turbance may appear as long as the patient’s attention is called to 
his condition, or when he begins to discuss his injury even before 
heat and massage are applied to the injured part. It is evident tw! 
tore, that there fa an autonomic Imbalance tn many iXS, 
extremities, and this fa altected by the mental Tte olXp^em 



20 n Muscle-Tendon System, Tendon Sheaths, Borne 

pensatlon or to substantiate a claim In common Uvr, Apparently, tk 
habit of contraction of a certain muscle or group at first Is vtfantay, 
but Inter the patient, by autosuggestion, believes that the cxmtrscti® 
actually exists, and finally Is unable to control the action of the peep 
Involved. This type of reaction can be described as conscious and an- 
conscious malingering, the patient at first realizing that he has 
disability, but later being unable to distinguish between feigned \m 
Teal disability In function. This represents one of the most (W 
sequels of Injury' arising In connection with workmen’s caapeoat** 
claims. 

The commonest type of occupation spasm Is writers’ cran^A^T 
occupation which requires constant use or overuse of a 
likely to produce a similar spasm, especially If the muscles 
In the occupation perform some highly sped allied movements wttra 
necessitate elaborate cofrdinatlon. Thus, It fs not uncommon tor 
writers, stenographers and watchmakers to lose the use oi their ban® 
from spasm, the muscles commonly affected being the flexor F^P 
of the fingers. A similar condition is seen In the new military recrew 
who come from the class of men not accustomed to much 
and who develop marchers’ cramp of the feet during the eady 
of military training. The pain may be located in the calf 
Involve the short flexor muscles of the toes. True equlnovsns nay 
develop. Physical therapy technicians develop a similar cramp in 
forearm muscles. These various spasms are commonly thought bf 
the patient to be due to a neuritis. Children practicing at the p&° 
for long hours manifest a quite similar condition. There Is arrays* 
question of the importance of the psychic element In Mtch aJ^ 
It Is easy to make a mistake in the diagnosis of spasms about l* 
"/ by . ^ese to be primary and due to ccccpa^ 

^ty a reflex attest f« the muscles 
immobilixe an fcflamed joint or prev^t motions of the shoulder wW* 
aggravate a subdeltoid bursitis. 

*7** £*“•?''?’ ^t St Is not always possible to «P»"“ 
rdia spasm from the first group, but fa case of the former, B*™ 

^ “amatory lesion which fa 

able tor UK spasm. Trauma of the muscles m«w set uo a reflex <8a 

r Un * P-*>‘ otT ^tSeal 

£** to SS£!?fctaiJ? ^ W llr^efS 

be associated vrtth a ^ 

be a disabling pdn. It 1, “TIT* 

to pressure on a sensory 

,o a tender scar on the too* ^ »* 
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involved some sensory terminations, which may result in walking on 
the outer side of the foot with the member held in supination. With 
the passage of time, the pronators and external rotators of the foot 
become flacdd, and the supinators and internal rotators become 
spastic. Different types of anesthesia may develop. If there is an 
actual nerve lesion, the sensory distribution of the skin of the part 
gives the typical changes in protopathic and epicritic sensation. This 
aids In making a diagnosis as to the nerve involved and the level of 
the lesion, so that a definite indication is established for an operation 
to free the nerve from fibrosis. Partial lesions of the median nerve 
furnish the commonest example of reflex spasm and result In a serious 
and disabling type of pain called causal gia. Hie writer has seen two 
such spasms affecting the muscles innervated by the ulnar nerve with 
a painful paresthesia of the small finger and ulnar border of the hand. 
Anesthesia or hyperesthesia depends upon the extent of the lesion 
of the nerve. 

There is another type In which we find an organic anesthesia, a 
functional change in the use of the muscles, and a loss of skin sensa- 
tion may persist indefinitely. The question always arises here as to 
whether the disease is due to vasospasm or peripheral nerve injury. 
Ordinarily, in case of vasospasm, if this is of sufficiently marked 
degree, atrophic changes finally appear in the skin, and the part 
becomes blanched or cyanotic, depending on whether the lesion is 
principally venous or arterial. As mentioned before, the muscle, as 
well as the skin, is affected by these vascular changes, as determined 
by the experiments of Leriche. The anesthesia of vasomotor type 
does not, of course, correspond to any nerve distribution. There is 
likely to be some edema, and the skin ultimately may desq uama te; 
or there Is a loss of the hair, and the nails become deformed if the 
part affected Is the hand or foot. The anesthesia in these cases is 
much like the anesthesia of disuse described by Babins ki and 
Fromenti Before the importance of the vasomotor tone In these cases 
was fully appreciated, these authors described the above condition 


as “physiopathic contracture,” and Slccard called it “acromyotonus.” 
Weir Mitchell, writing many years ago, bad evidently recognized 
these cases as different from the ordinary muscular spasm without 
vasomotor involvement, which be called “paralysis from peripheral 
irritation.” Every physical therapy technician has noted that, in treat- 
ing any long-standing injury of an extremity, even when spasm or 
paralysis Is not present to any appreciable degree, there may be a 
marked vasomotor disturbance, evidenced by excessive sweating in 
the hand or foot of the limb involved; also, that this vasomotor dis- 
turbance may appear as long as the patient’s attention is called to 
hU condition, or when he begins to discuss his injury, even before 
teat and massage ore applied to the injured part. It is evident, there- 
fore, that there Is an autonomic Imbalance in many Injuries of the 
to, fa rifairi by U* mental etata of to 
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The spasm In these cases, while generally tonic, may also he cMc 
of a rhythmic or of an Irregular type. The commonest lormrfda* 
spasnt is probably seen In tibialis postlnu, bc J"? E!^bbK«iB 
wcl^it-bearing on the ball of the foot. Evidently tills c1ijhb 

shortened. There may even be Inversion of the to °ti Toe be i kal 
may be seen In the calf muscles. This clonic spot™ JJ nenotn 
condition, having no causnl element In lesions ol the 
system. Irregular spasm occurs when two antagonistic 
muscles both manifest reflex spasm, the contracture o _____ 
ing the other, Initiating a stretch reflex in , ^ J eCOT< L£!!i!R think 
these conditions are seen In the hand, the physician co develop- 
of an hysterical etiology, but search for cause may reveal 
ment of a reflex spasm from injury or nerve irritation. vmr iocs 
Symptomatic spasm of muscles may be due to 
types, chorea or various diseases of the central nervous 
Instance, cerebellar disturbances, Parkinson’s disease, 
lethargica, disseminated sclerosis and other diseases causing 
of the voluntary muscles. However, these conditions m of tte 
nosed by many signs and symptoms in addition to mQfl de 

muscles. Moreover, the muscular spasm seldom affects one 
group. They are mentioned In the present category because 
eral indications for treatment, so far as physical therapy I* ^ 

are quite similar. In addition to physical therapy, the van , ^ 
logic factors, of course, deserve therapeutic consideration. 1 ^ 

instances, after cerebellar operations, prolonged physical i 
for the re&tablishment of the normal muscle tone must 
taken. In all this group, fatigue of the muscles involved sets 1 
rapidly than normally, and there Is pppm! weakness of the m 
even though the spasm In the muscles exists. * that 

Hysterical spasms and contractures furnish another group 01 , ^ 
disabilities, although any of the first three groups arc capable 
coming Iwsterical In nature, given the proper temperament an® 
vocative ‘‘psychic trauma.” The greatest difficulty connected 
group is to be certain of the diagnosis, and this requires the 
others than physical therapists. The symptoms present various 
pected contractures or hysterical attitudes, often varying 
to time when examined under varying circumstances. There is 
any alteration in the reflex or any vasomotor change in the 
than a slight coldness of the eatremity from lock of use. No 
disturbances are present and no modifications of the electrical rr *_' 
tlons of the affected rmades. The striking changes in syrnpton»> “ 
n remit of successful suggestion to the patient, are a notable fe**“r 
Restriction of the visual field, the history of blxarre types of cnoVjU' 
which do not correspond tn nnx, ortd anesthesias 
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muscles, and the affected muscles may give an exaggerated response 
to percussion with a hammer. The resulting contracture is large in 
amplitude, often delayed in the rise to Its height and slower t h a n 
normal to subside. After immersion in a bath of hot paraffin war, the 
percussion tests reveal more normal reaction. Electrical responses are 
never those of the reaction of degeneration. There is an exaggerated 
response to faradism, unless the limb is so cold that skin resistance 
interferes with the passage of the current Galvanic current stimula- 
tion produces a slow contraction of large amplitude. After the affected 
limb is Immersed in hot water or paraffin and retested, the muscle 
responses are more brisk and approach the healthy muscle twitch. 
The amount of abnormality in response to galvanism probably depends 
on the proportion of vasomotor disturbances. The tendon reflexes 
may be slightly exaggerated or normal. In Group ITT, the deep re- 
flexes of the various nervous diseases depend upon the site of the 
lesion. The hysterical case is notable for not presenting changed 
reflexes or altered reactions to faradism or galvanism diagnostic of 
other muscle conditions. 


Treatment. — Every possible method of treatment has been sug- 
gested in these cases. Unquestionably, the most important factor in 
their management is, first, to exercise to the full extent every muscle 
in the limb over which the patient retains control. Since the cortical 
pattern of voluntary movement is not divided into rquscles, but Into 
movements, the patient must be Instructed as to what movement is 
necessary for exercise of the affected muscle and then assisted in 
performing this exercise until he is able to regain some voluntary 
control of the spastic muscle. Gentle massage of the affected muscle 
Is indicated, but only up to the threshold of tenderness. Gentle strok- 
ing aids in relaxing the spastic muscle preparatory to active or 
assistive motion. First, the application of heat or immersion hi hot 
paraffin wax relaxes at least temporary vasospasm and allows a 


further motion without pain than that which could be accomplished by 
the patient if there were no preliminary heating of the part. The same 
applies to gentle massage. Surface massage, furthermore, aids in dissi- 
pation of edema where this exists. It should be remembered that in all 
spasms of voluntary muscles, the point of fatigue Is much lower than 
in normal muscles, and it is of utmost importance In all active motions 
to keep below the point where fatigue appears or pain develops. This 
entire group of disabilities presents a condition where massage alone 
Is almost certainly doomed to failure, and where vigorous or energetic 
physical treatment of any sort may aggravate the condition One 
of the greatest difficulties arising In connection with the reference 
by the surgeon to an unskilled masseur for treatment of this and 
other affections of muscles fa tie danger of too robust treatment which 
fa certain to occur In the hands of a physical therapist whm, 
point fa that of a masseur and who has a hied hSthat 
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out muscle soreness. After active exercise is begun and the patknt h 
convinced that pain on motion, tenderness and spasm are wbsMing, 
he may develop a great enthusiasm for hastening his recovery by 
strenuous exerdse nt home between treatments. Such a situation h 
reprehensible, and the physical therapist will not realize the ana 
of the return of symptoms unless he carefully Interrogates the p*dect 
as to the exact amount of exerdse he takes between treatments- it 
Is advisable to give the patient written Instructions, in very specffic 
language, as to the number of minutes of exerdse he should tike *t 
borne and the exact amount of motion or weight-bearing be should 
perform each day, and to be certain that be follows this regime punc- 
tiliously. Nothing ts accomplished by attempting to hasten recowry 
of these patients. Any return of pain or spasm necessitates the re- 
sumption of the primary stages of treatment, consisting of baxn^ 
and the gentlest massage, after which active motion can be *13™ 
gradually resumed. 

Occupational spasms, like writers’ cramp, often retjulre Immobflbx* 
Uon of the part on a splint, with no treatment except baking » 
diathermy until the weakness, tremor and lack of codrifinatlon hnt 
begun to subside. Later, the gentlest surface massage from wnj* ® 
shoulder can be applied for a few minutes a day. Mennefl I** 0 
great Importance on the rhythmic element in massage of so& ® 
extremity, probably with the idea that each passage of the mas**? 
hand stimulates the rhythmic stretch reflex response and Mp* 
the restoration of the normal coordination of muscular action. 

^ for shoulder and elbow should be (byte* 

at fmt 0 "ringing motion and Inter on 
pulley and roller eierdses, always keeping below the point of ad* 11 * 
the epeem. In the management of the patient with writer#’ 

P"/ 0 ™* 1 “«pt those of actual writing. Later, 

wfth ™‘ pata or spasm, large Jetten sh«M 
“the Improvement coattauo, ^ 
mnShrari ^ reduced until the ordinary handwritto* ® 

full-arm navement to writto^ £ 5dy ' < Se'°^1Sw««mt- 11 ^ 

oSrsnrui'£‘js?r -r-w sits 

Irritation demands p *£' u1 !Q *Lj’ r 

started. The psychic dmem ?, t' OTe , reWuraU ^n,^ the 

patient’s confidence Is gained sometimes Important. 

are dimlnlshlne rrcnJjTtr “* realties that the pain and sP*' 

help in dissipating vasS^^^™^ opedlttd. Matte™*!. 

There is a serious -presth*? 2T ? ur 8ety has been 

any more effect In reest.hlueu^^ r routi "e f*radic atimolatw ge 

neuromuscular arc than maaia— 8 ,^? TOt ? or , ° n<! m ^ snd 

to stimulate the stretch refleses, aw 
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Spastic Paralysis 

active motion to retrain the nervous arc in coordination of muscles. 
The paraffin bath Is particularly valuable In the type accompanied 
by vasomotor disturbances. Sometimes the patient must be investi- 
gated for allergic phenomena and an effort made to desensitize him 
to the offending substance. Reeducation of muscle coordination should 
begin early in these cases. 

It Is often important not to treat the spastic part at all in the 
management of the hysterical case and to pay no attention to the 
patient’s complaints. The prescription of general exercise, after ex- 
plaining to the patient that you realize there is no organic basis for 
his disability, may yield a better result than too much attention to 
the affected parti The management of the psychic features Is outside 
the function of this discussion. Fortunately, the settlement of a 
patient’s claim for damages in an injury case Is only effective In treat- 
ment of the spasm of muscles before the case has actually become 
hysterical and while he still realizes that he is feigning the condition. 
After a stage of hysteria is established, when the patient can no longer 
realize that the condition is not feigned, one striking method of re- 
establishing his mental control of the situation is the production of 
full movement of the contracted part under anesthesia and the splint- 
ing of the part In the position of full movement, so that he realizes, 
after awakening, that such motion can be performed, and painlessly. 
I have had strilting results with the relief of hysterical spasm of the 
masse ter muscles by this method. 


Spastic Fabalyhis 


Cases of chronic spastic paralysis of the voluntary muscles, where 
contractions and flexion deformities are already established, whether 
from vascular lesions of the cortex or pyramidal tracts, or arrested 
development of upper motor neurones or their connecting links in the 
brain, stem or cord, present some of the most disheartening conditions 
the physical therapist is called upon to treat. Without the cooperation 
of the surgeon and physical therapist, the patient is certain to pass 
from bad to worse. At almost any stage of spastic paralysis, the com- 
bined efforts of the two, however, will be rewarded by some Im- 
provement. 


It is important to remember that, in the motor cortex of the 
cerebrum, individual muscle actions are not represented, but the 
movement of the part is represented. This movement pattern includes 
both the protagonists for any motion and synergists, and the antag- 
onists and the fixing muscles. This is the law of reciprocal innerva- 
tion, and Its Implication, so for as treatment is concerned Is that, in 
r rtmn!n R voluntary motion after spastic paralyris, we are retrains 
all these components of the motion. In brief, we are not training the 
manto contract any muscle, but to perform a coBrdlnated motion. 
Stored In the panetal lobe are, too, the memoriea of various mov^ 
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for the various muscle groups, so that there is some deviation from 
the midposltloc of the joint toward the weaker group of muscles. 
This means, for Instance, an abduction of the shoulder to protect the 
weak abductors and external rotators against the stronger adductors 
and Internal rotators; the splinting of the elbow in extension or slight 
flexion at the midposition between pronatlon and supination, or with 
a little inclination toward supination, because supination is normally 
stronger than pro nation. We have now accomplished the first step 
toward protecting the weaker muscle* by establishing muscle balance 
and In the prevention of deformity. The position of decerebrate rigidity 
in the lower extremity leaves the foot plantar flexed at the ankle, with 
the toes flexed and sometimes with supination. These positions are 
corrected in the same manner. 

After this primary consideration, the patient must be made to 
understand that the return of movement cannot be brought about by 
massag e or electrical treatment, but by bis own effort. One seldom 
sees a case In which some of the motor fibers are not preserved, and 
the management of the case contemplates preserving this minimum 
of muscle action and prevention of fibrosis of muscle which occurs 
In muscle during disuse. The patient must not lie continually in bed 
with his arms folded across his chest. If there is Inability to perform 
simultaneously the various motions that constitute an act, because 
of tbe so-called decomposition of movements, some slight individual 
movements may be retained, and these slight voluntary movements, 
with the assistance of the operator, should be performed several times 
each day, but not to the point of fatigue. It is Important that the 
patient make a mental effort to reproduce the motions each time 
treatment Is given. The appearance of each new movement will be 
welcomed, and tbe patient’s interest stimulated and his cooperation 
assured. The motions of the opposite extremity aid In the motion of 
tbe affected extremity. Rhythmic motion to music or by numbers pre- 
vents an excess of effort when the motion is performed. The reestab- 
lishment of movement patterns in the brain may sometimes be 
stimulated by the application of faradic current of the sine wave 


form, as by minimum stimulation with a Smart-Bristow coil. After 
the returning movement is called to the patient's attention by this 
means, voluntary movement can be accomplished. Further than this , 
electrical stimulation has little or no place in the treatment of spastic 
paralysis. It is very easy to overstimulate a muscle with electricity 
and cause injurious fatigue, which results In more fibrosis than if no 
treatment had been undertaken. The patient requires special advice 
when he begins to walk. His natural inclination is to walk In the 
easiest fashion, by advancing the legs by circumduction, negledine 
!° n “ w f> ° r , tnM > «d with the foot predated and everted 
Tbe patent should be taught to walk slightly pigeon-toed and to lift 
the leg with each step, even 11 this can be accomplished only through 
a few degrees of motion. ' 6 
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ment-pattems which the patient has carried out before disease 
fered with their performance, and these memories roust 
before the voluntary movement can be repeated hurthgracit, 
voluntary movement of the unaffected extremity may help fa r^rao- 
llshing the memory of the act on the opposite side. Assistive nwveiBffi- 
may help to revive this memory, which Is of necessity the fcrsi mp 


in rehabilitation, (See Vol. II.) . 

For purposes of treatment, the types of spastic paralysis 


be 


divided Into four groups: 

i. Vascular lesions — hemorrhage, thrombosis, embolism; 
tions; new growths involving the pyramidal system {roc , 

course. These tracts may be compressed In the s ^ r ^ c ^L_r a _ 
without or by a distention from within, as In the case of 

a . Lack of development or arrested development in the corter 
spastic diplegia of Infants, or Lfttle’s disease. Gradual death __ 
cells of the cortex produces spastic paralysis and an 
lateral sclerosis. Paresis of syphilitic origin affects the cerebral, 

3. In combined degeneration and in disseminated sclerosis, 

medullary sheaths of the pyramidal fibers are destroyed. ^ 

4. Lesion* in or near the corpus striatum produce ia *. 
paralysis agitans and similar conditions following 


lethargies and progressive lenticular degeneration. 

The management of hemiplegia, as far at its physical 
concerned, can be divided into stages. It is customary to say 
symptoms are present on the opposite side of the body from the or*» 
lesion. It can be laid down as a genera! rule that, if any great 1 
tropbe occurs fn tho central nervous system, function Is ms“"rj 
even In regions remote from the structures involved. During J me m 
few hours, we find the muscles on the opposite side from <“ la *Z 
flaccid and toneless, with their deep refines lost. Certain regfw®* 1 
practically unaffected, e.g_, muscles of the eves, chest and * bdcro ^ 
The paralysis then Involves only the opposite arm, leg or face ““ 
spares such muscles as those of the eye, which act bilaterally, 
movement of to eyeballs and emotional expression are 
When this initial stage of shock subsides, spasm la found to adf “ 
all muscles of the affected extremity, but with a difference in •** 
between the antigravity and the gravity muadea— to other words, 
since tone la concerned principally In maintenance of positin' 1 « 
posture, to musdet tavolved in maintaining to erect position » 
man are principally affected The affected parts tend to assume U* 
position of decerebrate rigidity described earlier fa this article. ^ 
upper hmb 1s adducted at the shoulder, the elbow semiflexed, with H* 
forearm pronated and the wrist and fingers Sexrd These mot^ 
represent to mojremenu of the stronger muscles, and It is to 8°i 
doty in physical treatment to prevent these typical contract 1 
deformities. It la important to splint to affected limbs in zero posito 1 
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for tbe various muscle groups, so that there is some deviation from 
the midposition of the joint toward the weaker group of muscles. 
This m eans , for Instance, an abduction of the shoulder to protect the 
weak abductors and external rotators against the stronger adductors 
and Internal rotators; the splinting of the elbow in extension or slight 
flexion at the midposition between pro nation and supination, or with 
a little inclination toward supination, because supination is normally 
Stronger than pronation. We have now accomplished the first step 
toward protecting the weaker muscles by establishing muscle balance 
and in the prevention of deformity. The position of decerebrate rigidity 
in the lower extremity leaves the foot plantar flexed at the a n k l e, with 
the toes flexed and sometimes with supination. These positions are 
corrected In the same manner. 

After this primary consideration, the patient must be made to 
understand that the return of movement cannot be brought about by 
massage or electrical treatment, but by his own effort One seldom 
sees a case In which some of the motor fibers are not preserved, and 
the management of the case contemplates preserving this minimum 
of muscle action and prevention of fibrosis of muscle which occurs 
In muscle during disuse. The patient must not lie continually in bed 
with bis arms folded across his chest If there is inability to perform 
simultaneously the various motions that constitute an act, because 
of the so-calJed decomposition of movements, some slight Individual 
movements may be retained, and these slight voluntary movements, 
with tbe assistance of the operator, should be performed several times 
each day, but not to the point of fatigue. It Is important that the 
patient make a mental effort to reproduce the motions each time 
treatment is given. The appearance of each new movement will be 
welcomed, and the patient’s Interest stimulated and his cooperation 
assured. The motions of the opposite extremity aid in the motion of 


tbe affected extremity. Rhythmic motion to music or by numbers pre- 
vents an excess of effort when the motion Is performed. The reestab- 
lishment of movement patterns in the brain may sometimes be 
stimulated by the application of faradic current of the sine wave 
form, as by minimum stimulation with a Smart-Bristow coll. After 
the returning movement is called to the patient’s attention by this 
means, voluntary movement can be accomplished. Further than this 
electrical stimulation has little or no place in the treatment of spastic 
paralysis. It is very easy to overstimulate a muscle with electricity 
and cause Injurious fatigue, which results in more fibrosis than if no 
treatment had been undertaken. The patient requires special advice 
when he begins to walk. His natural inclination is to wilt in the 
easiest fashion, by advancing the legs by circumduction, neglecting 
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ment-pattems which the patient has carried out before disewefaW- 
feral with their performance, and these memories mast be ttvirtJ 
before the voluntary movement can be repeated. Fort be nore, 
voluntary movement of the unaffected extremity may help in rt&a h 
ibhing the memory of the act on the opposite ride. Assistive movement 
may help to revive this memory, which Is of necessity the first step 
in rehabilitation. (See Vol. II.) . 

For purposes of treatment, the types of spastic paralysis “ 
divided Into four groups: 


i. Vascular lesions — hemorrhage, thrombosis, embolism; 
tions; new growths Involving the pyramidal system anywhere »> 
course. These tracts may be compressed In the spinal cord 
without or by a distention from within, os In the case of syringomytt*- 
a. Lack of development or arrested development In the cortex 
spastic diplegia of infanta, or Little's disease. Gradaal death ol wu 
cells of the cortex produces spastic paralysis and an soiyotropj- 
lateral sclerosis. Paresis of syphilitic origin affects the cerebri! cortex. 

3 . In combined degeneration and in disseminated sclerosis, 

medullary iheaths of the pyramidal fibers are destroyed. ^ 

4 . lesions in or near the corpus striatum produce 
paralysis agltans and similar conditions following eccepbiu® 
lethargica. and progressive lenticular degeneration. 

The management of hemiplegia, aa far as its physical treat ™" 1 *J 
concerned, can be divided into stages. It is customary to say ft"M" 
symptoms are present on the opposite side of the body from the taw> 
lealon. It can be laid down as a general rule that, if any gnat catas- 
trophe occurs In the central nervous system, function fa 
even In regions remote from the structures Involved. Darin* the fa* 
few hours, we find the muscles on the opposite side from the 1 »® 
flsedd and tondess, with their deep refleiwlost. Certsin rep(»** 
practically unaffected, eg., musdes of the eyes, chest and abdoia®- 
Tbe paralysis then Involve, only the opposite arm, leg or face a * 1 
spares such musdes as those of the eye/trhlch act bilaterally, softs 1 
aod emotional expression are preserved 
When that InltW 1 stage o! sivxk. subsides, sSSm fa found to exist!" 

So^ d Jhe° f .nH^'S' d ? trnn >ty, bat frith a dietercoce Inftf 
between the antigravity and the gravity musde»-ta other worth, 
tone fa concerned priority b ^mnance of position £ 
P ° 5 ^ re ’ ft maintaining the erect position fa 

The afiwted parts tend to assume tb< 

P““fS °‘ , d '^7 b ™',' ^ty, described earlier In this art Ida The 
upper limb is sdducted at the shcnlder, the elbow semiflesed, with the 
forearm pronated and the wrist and fatgm SexecLThMe motions 
represent the movements of the stronger Ufa the t)* 1 
duty- in physical treatment to prevent these typical contraction 
deformities. It fa Important to splint the affecSf Itetofa sero posftfaa 
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joints. The normal muscle is already possessed of the two properties 
of contraction and relaxation. Relaxation Immediately affects the 
paralyzed group, and its antagonists immediately begin to contract. 
Rest of a paralyzed muscle means both rest from Its function of 
contraction and rest from its function of r el ax in g, which may result 
from contraction of its opponents. The position of muscle rest has 
already been described as being that position from which the reestab- 
lishment of function is most easily begun. Rest Is most suitably 
a ccomp lished by splinting, the splint being frequently removed to 
see that no damage is done over bony points and that no constriction 
of the blood supply to the damaged muscle has occurred. In the 



Fjq. 4. — -Wrosf portion fo* br ytnnlrr x rohmtaiy movement of pnrtkUy pjrjJj-rrd deltoid. 
Gravity b too •trooc to allow any Initiation of movement m the dunayrd muscle. 


mind of every untrained masseur Is the delusion that massage can 
restore size and strength to the damaged muscle. This Is absolutely 
untrue. No amount of massage can restore muscle power or contour. 
The only effect possible is stimulation of the atretti reflex If a part 
of this has not b^en destroyed. Violent massage to the muscle belly, 
now deprived of its nerve supply and in some cases with the vasomotor 
control damaged, can only result la further Insult to the blood supply 
in the production of edema and, later, round cell Infiltration. In the 
early stage, these flaedd muscles are undergoing degeneration. Heat, 
or the alternation of heat and cold, may arouse some vasomotor res 
spome and keep the tone of the blood vessels intact. Stagnation of 
circulation should be prevented in some cases by elevation of the part. 
After a varying time, which cannot be particularized In general dis- 
cussion, tests should be made to ascertain th, residuum of nervous 
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When the patient Is seen with contracture deformities 
developed, the surgeon must be consulted in the management ot 
joints, which is covered in another chapter. If muscle-tendoo 
must be lengthened, the present tendency is toward multiple 
in the muscle at Its junction with the tendon, rather than 
lengthening operations. This is called myotomy, and has th e 
tage of leaving a muscle-tendon system ready for immeduternffl=st 
and active motion, without the necessity of a splinting P T0C ^ , 
hold the part immobile until union of the repaired tendon has 
In Little’s disease, reeducation of the muscles is accomp 
routine gymnastic exercises where the patient follows 
motions of the extremities, performed synchronously with 
or both legs. These exercises should be done slowly. There 
advantage, but many disadvantages, in tiring the m ^r e5 m J 5 - B 
neuromuscular control. The importance of so-called “spaced curaso, 
with plenty of time for rest between, has been emphasixeu oy 
Robert Jones. trfr ^ v 

In disseminated sclerosis and other forms of muscular a ^ ^ 
which are generally classed as progressive, many ? a5C5 r - t . r i*d- 
improved from progression and the symptoms atrC^ed 
In the early stages, massage, muscle training and exercises n»y 
an apparent cure. Even if the further effects of the diseow 
develop, a part of the strength of the muscle fibers has be« 
tabled and at least the opposers and synergists of the most 
muscles can be protected from the atrophy of disuse. Massage 
cases alms at maintenance of nutrition and assistance in 
of exercises. Fatigue moat absolutely be avoided. The 
be improved after each treatment, or the treatment Is dctrl ~L Dl 
The same applies to Parkinson’s disease, especially the type occupies 
after encephalitis. 

Flaccid Paralysis 

The treatment of the muscles in flaedd paralysis can be divW^ 
for clinical purposes, Into (r) flaccid paralysis of nontraumaUc w 
lesion and (i) the flaedd paralyse resulting from complete or pan 
peripheral nerve section. In the first it I. «.ldmn that the O™. 


' ' irauiLUJK nuui vv«s r — — ititt 

peripheral nerve section. In the first group, it is seldom that the 
nervous control ot the muscle b destroyed, and all treatment SOT* 
In the first stages, to accomplish effective rest of the muscle, perw™ 
the time when suitable tests can be made to find what residual wrvo£ 
control remains. Alter this initial stage of treatment, attempt is MM* 
to preserve the [unction of these neuromuscular arcs which ten*® 
and to develop whatever residual nervous control has escap« 
damage of the nerve lesion. Effective rest of the musdes should beg" 
Immediately at the time the paralysis develops. This will minimise tj* 
necerity foroperntiveinterference or leave the limb In the 
possible condition Im whatever operation may be necessary, whether 
this be transplantation o! tendons or stabilising operations on 
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Bristow coll, may reeducate the voluntary cerebral control so that 
the patient Is soon able to produce this slight musde movement him- 
self. Passive movement through a part of the arc of the motion to 
be reestablished may aid in eliciting the memory of the motion. 
Massage is now available to relax the oppose rs prior to each treat- 
ment The active treatment, however, consists of training the patient 




fta. 1 . — Comroeudnx VDhmUry procatkm. Forearm b« the minimu m mbtaoce of wrijht 
In thb baJ»BCTti pa*JtiotL 

in voluntary motion. Such massage should be slow and even, the 
stroking firm and combined with gradual stretching of the contracted 
antagonists. Little massage is necessary over the flaccid musde. 
Passive manipulation of the joint prevents contraction until the patient 
learns to use the paralyzed part. No flacdd paralyzed musde should 
ever be allowed to stretch by passive motion of the joint One treat- 
ment involving thorough stretching of such a damaged musde means 
(hat the whole task of retraining must be started over again Another 
warning should be given against ovtrfatigue. If the patient can move 
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control, There h only one true test for muscvlar action, end 6 
th e volitional lest. We must consider the effect of gravity ia into' 
feihig with the slight motion of a weakened muscle. To obviate the 
weight ol the part, it could be suspended in water and the »mami 
of muscle regeneration tested by having the patient move theea- 
tremlty, which now, with tbe patient in the bath, has no 
being of the same specific gravity approximately as the water rath. 
Another method is to begin motion from the most advantageous!*®- 
don, with the part lying on a smooth surface— for instance, ctrohcaw 
to . which talcum has been applied. One example will IBustnilc the 
principle: the paralyzed quadriceps femori* group la a chM w* 
anterior poliomyelitis, after the infective stage of tne disease is pw*i 



may not be able to raise the boswj 
grartty Is too strong for &e Initiation of movement In tUs (taWW£ 

fr*7 C* oi 8 *°dflexiQn a alight further ftodon of 

■ 55rS»^fessas2s 

action of the quadric^, nwy b.^i!^ 1 "' ° p P°?' r V ?%”?** 
only use of riectrfdTfaXw u7„ .m 7**^ “Z/tla? 
of wlimtsry action of a ttmSL to? ^ 

evident* ot nervous control with. /*'i‘ lama e'<f t0 pns 7 data 
of fa radio *f^ * *, 
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Bristow cofl, may reeducate the voluntary cerebral control so that 
the patient is soon able to produce this slight muscle movement him- 
self. Passive movement through a part of the arc of the motion to 
be reestablished may aid in eliciting the memory of the motion. 
Massage is now available to relax the oppose rs prior to each treat- 
ment The active treatment, however, consists of training the patient 



Fid. 6.— Poetic* for befinnln* roJcmt»ry motion of penlyrod A-ftniej 



Fm. 7. — Coeomendui rolimUrj prooiHoct. Forearm hn the mMnnnn rahUnco of wd*ht 
in Ltd* b»knrrti portion. ^ 


in voluntary motion. Such massage should be slow and even the 
stroking firm and combined with gradual stretching of the contracted 
antagonists. Little massage is necessary over the flaccid muscle 
Passive manipulation of the Joint prevents contraction until the patient 
learns to use the paralyzed part No flaedd paralyzed muscle should 
ever be allowed to stretch by passive motion of the Joint. One treaf 

warnmg sh„u,d be gl™ .galolmS.dg^^th^^^mm" 
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the muscle In spaced exercises, only five or six actions of the injured 
muscle should be attempted in four or five treatments daring each diy. 
This Is more valuable than pushing the return of motion by mete 
violent action. If, on any given day, It is found that exercise camuX 
be performed with as much freedom as on the day previous, the treat- 
ment is being pushed too energetically, and the muscles should be 
maintained at rest by splinting for two or three days. Then the 
exercises can be gradually resumed. 



nervous systnm ^8“ 10 4111 “X 

myasthenia gravis, which are ( ^ SCa5cs °* the muscle, 

types of paraiy.lv In all ^ ** JJflf 

the unaffected muscle must he **** tonc and Ktrc V gth _ 

vented, and, In some, the slow deformity must be P*j 

may be delayed by the minimum ° n t of ^ rou5 ^T 

group, »«. keeping 
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As strength returns In a muscle through tr2imng } aisttlm aXTCun 
mav be rraSoyrd. the operator bearing most ol the TOght of tbe 
Dart— that idlowtag motion with the minimum of eflort on the part 

^Tthe paUrot Assistive esercbes with weights and 
Mrviceable. Retraining in walking is covered in a separate article In 
this system (Molander, VoL HI). 



Fm. p— Earilot roUlKt cxtrri* of the »e*lrr*d quadrfcrf* femorb froap. Thb b the 
**roe pcattloo u employed for «J*bthr nerrft* of tb* flow of the hip. 


Paralysis from Severed Nerves. — If the nerve Is only partly 
severed, treatment Is not so different from that described for flaccid 
paralysis In central nervous lesions. When the nerve Is completely 
severed, early’ massage Is Indicated to minimize the scar tissue of the 
original Injury, which may Involve the muscle as well as the nerve. 
When the patient attempts to move the part, many unusual antago- 
nistic movements may result, as the impulse Is not directed to the 
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movement of the muscle but to the performance of the motion. Whik 
the part Is splinted during the treatment of the laceration Itself ot 
the treatment of infection, gentle massage may preserve the vasemcia 
tone of the flaccid muscles, and, as no faradlc response is elidted, 
the sine current of galvanism may aid In preserving the vasomotor 
reflexes, if these do not all reach the muscle along with the K1 J eT " 
nerve. If a nerve Is severed near the shoulder or hip, a part of the 



the hip. 


vasomotor 
fibers tray 


^ moKlt from the autemon* 


cessiui, larnQic response Rnuliiidfv —TT ’ , ^ ^ V 
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attempted. After the habit pattern Is reestablished In the brain, 
patient is able voluntarily to perform a minimum of motion under 
type of management just described for the flaccid paralysis of 
Lral nervous diseases. 

In a recapitulation of this subject, Mennefl has laid dorm certain 
principles which are briefly as follows: 

i. An enfeebled muscle cannot contract unless and until Its antag- 
onist relaxes In conformity. 

3. To make sure that the patient's muscles know how to perform 
the movement, the sound limb should be put through the same move- 
ment which we expect to reeducate In the injured extremity. 



3 ' n * hKalion ', «* ra “t not set a task for the mwdc 

more difficult than It can perform at any given start in regnterathir 
*■ As one type of motion is accomplished, a Second SSddtifn 

^r 0 t mmning tapCT » 

5. Mackenzie has pointed out that it is beat to w„ „t„. . 

ln g of the specific function, each musct'and^^S 
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movement of the muscle but to the 

the part is splinted during the treatment of tteh^Wa^ 

tbe treatment of infection, gentle massage ^ elicited, 

tone of the flaccid muscles, and, as , D . D ,‘ a ^ ervl ^X vssamw 
the sine current of galvanism may aid In p ^ sew-rd 

reflexes, If these do not all reach the r " u5clc a ™l i ^“ part of the 
nerve. If a nerve Is severed near the shoulder or hip, pu 



vasomotor reflex radio the affected muscle from tbe 
fibers traveling along the main arteries of the part, while others u 
In the same sheath with tbe Injured peripheral nerve. . , uc . 

After surgical repair of the severed nerve, if the operation IS ’ 
cessful, faradic response gradually appears In the muscle, ear* 
treatment has as Its only importance, refducation of the volun^/ 
control of the musde. It Is easy to overdo this faradic 
Only a few contractions of the muscles dally by tMs method sbc»>“ 
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actions later. He believes that each muscle normally has one specific 
action. 

6. Sub maximal effort should be repeated frequently a few times 
a day, and the maximum effort less frequently, if at all. 

7. The enfeebled muscle must never be stretched. 

8. If, on any day, the patient is found not able to perform as much 
motion as on the previous day, the task should be lightened for a 
few days. 

9. An atrophy from disuse is as hard, or harder, to cure than 
atrophy from disease. Nothing must be done which Interferes with 
the blood supply or delays the venous drainage of the part 



F*J. 14 — -Application of «dberfv* rtrap to protect panJj-trd firror tytlrm of thumb 
(medlio par»Iy*f»). 


Inflammations of Muscles 

Myalgia (Muscular Rheurcatlirn).— This term refers practically 
to all cases of Inflammations of the muscles and their attachments, 
with the accompanying spasm and pain on motion. The treatment 
of this aflection ot the mnscles, in its acute stage, is familiar to all 
physicians engaged in physical treatment and Is more thoroughly 
covered in the volume of this series devoted to Internal medidne 
The treatment of acute rheumatic affections is, in a large part, con’ 
stitutlonal, the physical means applied to the affected musdes^hrlm. 
oaiy palliative. Hydrotherapy, for the purpo* of stimulaZgtS btoSd 
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actions later. He believes that each muscle normally has one specific 
action, 

6. Submajdmal effort should be repeated frequently a few times 
a day, and the maximum effort less frequently, if at all 

7. The enfeebled muscle must never be stretched. 

8. If, on any day, the patient Is found not able to perform as much 
motion as on the previous day, the task should be lightened for a 
few days. 

9. An atrophy from disuse is as hard, or harder, to cure than 
atrophy from disease. Nothing must be done which interferes with 
the blood supply or delays the venous drainage of the part. 



Fw. M- — AppJIatioc of adborire rtrap to piotftt pttmlyml floor tyilem of liurab 
(median panlytls). 


Inflammations or Muscles 

Myalgia (Muscular Rheumatism).— This term refers practically 
to alt cases of inflammations of the muscles and their attachments 
with the accompanying spasm and pain on motion. The treatment 
of this affection of the muscles, in Its ncute stage, is familiar to all 
physicians engaged fn physical trealment aDd is more thoroughly 
covered In the volume of this series devoted to Internal medidne 
The treatment of acute rheumatic affections is, In a large part com 
st.tuUonal the physical means applied to the affected muscle, being 
only palliative. Hydrotherapy, for the purpose of stimulating the blood 
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supply, and the use of various baking apparatus need no descriptor 

^Pemberton thinks that the physiologic background of tk FcMea 
of derangement of muscle function in these ^ectitw probri*y^ 
to do with an alteration in the "finer blood supply- , y 
study of the capillary beds shows various irregulariUes with oeau* 




in the blood content and fiow. He finds that the capBlsiy brf , 
“rather immobile and In a state resembling vasoconstriction *• 
responds inadequately to stimulation. The physiology of the treain*" 
oi acute muscular rheumatism, then, Involves the vasomotor tone 
the smaller arterioles, venules and capillaries. The restoration 
vasomotor control has been previously described in this article. * 
the same methods are applicable here as elsewhere when their derange- 
ment is manliest 

Chronic myositis, or, as aptly described by Albee, “myoftsd* , 
b an entirely diiierent problem. Here two important ps*ol^ 
processes are pr«ent besides the changes in the blood supply f 01 ™^! 
described. fi ? v°?n t U3 t V ^ to'denny toward fibrosis, wW“ 
remit* from the nbrcaltb of the muicle reticulum; the other fa 
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development of specific deposits In the muscle, often near its tendon 
attachment These deposits can be felt on palpation of the patient's 
muscles. These nodes are capable of causing considerable pain on 
motion and often correspond to the definitely localized tender areas 
of chronic myositis. They correspond pathologically, in the main, to 
Aschoffs nodes, which are peculiar to rheumatic infections. 



One of the notable features of the symptomatology of chronic myo- 
sitis is that, whereas the muscle is generally painful and tender on 
motion during acute myositis, when the acuity subsides, the patient 
will still complain of exquisite tenderness on motion, while, as a matter 
of fact, the pain on motion only exists if this movement causes com- 
pression of one of the nodes or areas' of induration just described. 
The sufferer is apprehensive of all motion, and, although the acute 
process In the muscle has long since burned Itself out, the feeling 
of constriction persists, due to fibrositis in the affected muscles and 
he interprets this as pain. After the joints have once been forcibly 
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moved, he realises that a large ^Utelsra o- 

muscles Is possible without the escru nsvchdogiu pboMmcoco b 
perienced during the acute stage. Reeled by uosUW 

probably the basis oi the many remarkable ”«£ who fordty 
tone setters and irregular practitioners ot memone 



pto. iR- — To CDmtnU tabtfre exerdae for tba brachlalb rnntlcn*. (Tbfl bleep 4 tt ** 1 
In tbk action when forearm b In wplnatlon-) 

manipulate the joints and muscles, liberating the muscle P’ ire T^^rt 
from any fibrous deposits and restoring motion in a mlractnou^y 
time. In chronic myositis, when the possibility of gonorrheal or u _ 
culous infection of the nearby Joints is eliminated, fordble 
tlon under anesthesia In graded doses often aids greatly in 
♦he return of function. Before each such manipulation, /’y 
baling, massage and passive motions up to the threshold 01 
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should be repeatedly performed. After the forcible treatment, baking, 
massage and p assi ve motions must be resumed immediately to pre- 
vent the production of more disabling fibrous bands in the muscles. 

There is no question but that baking and massage aid tremendously 
in the dissipation oi the nodes just mentioned- Treatment of these 
nodes is an important part of the physical treatment of chronic myo- 
sitis. Radcliffe recommends special massage, with deep thumbing 
movements about and under the deposits, always accompanied by 
kneading to stretch the adhesions and render these deposits more 
mobile. This Is, of course, in addition to the general massage of the 
entire muscle involved- llarlln has applied galvanic current directly 
to the tender node, a needle attached to the negative pole being in- 
serted and a current of five mlUiamperes being exhibited for three to 
six minutes. This, of course, must be accompanied by specific massage 
of the tender areas. 

Some of the typical forms of chronic myositis can be mentioned. 
Very often, on examination, a few affected muscles can be picked out. 
Commonly, the latissimus dorsi, the serratus magnus, the pectorals, 
the long muscles of the back and the muscles of the calf and thigh 
present a definite increase in consistency to the palpating finger, and 
tenderness is elicited on palpation in the areas of greatest stiffness. 
An old trick used by osteopaths is to examine a man’s back and tell 
him, before he has pointed it out to the examiner, exactly where the 
pain exists. This Is easy to do under careful palpation with the 
examined muscles in a relaxed condition. The tender spot corresponds 
to an area of muscle spasm. 


Lumbago. — Lumbago may be described as a typical form of 
chronic inflammation of muscles, although the fascia and fasdal 
attachment and tendons of the back may or may not be also involved 
In the process. Early massage can frequently prevent full develop- 
ment of an attack. Generally, baking, followed by deep massage, will 
relieve the load condition. This treatment, however, is symptomatic. 
The original focus of infection or intoxication somewhere in the body, 
if such an etiologic factor exists, must, of course, be corrected. Careful 
diagnosis of the back case must be made to eliminate joint inflamma- 
tions, and protective spasm to' relieve faulty joint relationships must 
be ruled out before a case can be considered as a simple muscular 
lumbago. In treatment by massage, after suitable beat has been applied 
to relax the muscles, surface stroking over the long muscles of the 
back from the sacrum toward the dorsal region is followed after a 
few moments by deeper massage with the ball of the thumb, expression 
blood from the muscles with each motion. It Is generally necessary to 
trwt the long musd« of the .back well out from the region of s msm 
and pain, extending, for instance, if the complaint Is pain in the iWr 
lumbar musdes, low down over the sacrum and up over the muscle* 
of U* dorjal Vino. D«p vibmioM with 'l^ric Zta S 
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establishing the circulation In the deeper musdes— for Instance, lit 
quadra tus lumborum. 

Stiff Neck or Rheumatic Torticollis.— This fs quite “““F S 
therapeutics to lumbago. After the application of heat, 
be applied over the entire course of the sternocleidomastoid 
muscles Involved, followed by deeper kneading movements, ua* 
slonally a chronic case is benefited uy forcible manipulation, Unmco 



Treatment After Tendon Operations 


43 


In extent of motion, and preceded and followed by the usual physical 
treatment 

When the chronic muscle pathology is generalized and after the 
acuity has disappeared, gentle general exercises and massage are 
valuable. Shoulder circling increases the blood supply to all the upper 
muscles of the arm, and wrist and elbow exercises have a similar effect 
upon the lower muscles of this extremity. Trunk exercises are bene- 
ficial to restore circulation and relieve fibrosis In the chest, abdominal 
and back muscles. It is Important to reestablish full motion of all the 
muscles of the lower extremities before the various powerful fascial 
compartments have become shrunken from fibrosis and mechanically 
Interfere with muscle movement 

Physical Treatment Arm Tendon Operations 

Intelligent management of a case after a tendon operation has been 
performed depends upon a comprehensive knowledge of exactly what 



Ftt. « — Method of ipHnthc hand after a repair of the flexor lendom to « to allow 
«dy Borawt of the Uodam The mtndn cannot pull ttrtmjdy eww*Ji to bteak the 
ttndo» toture* at the *pflrrt hold* them b relaxation. (From Lewb, Practice of Surttrr. 
Hijcrrtfown, Mil, \V. F. Prior Co, Inc, mjl.) 


was done nt the operation and the result which Is expected from the 
operative Interference. If repair or plastic operation of the tendon has 
been surgically correct, and adequate fixation suturas have been intro- 
duced to mate the tendon mechanically sound, physical treatment con 
be begun Immediately after the operation and even before the skin 
sutures have been removed; In fact, It Is preferable to splimlog a case 
for several weeks uotfl the tendon heals and then expecting to over 
come tbe fibrosis which occurs around the tendon after this condition 
Is thoroughly established li the physical therapist Is in doubt as to 
Ute tensile strength of the tendon repair, It i, necessary to allow a 
period ol several weeks lor the repair to become firm before IZ 
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movement of the nearby joints can be Instituted. In the latter os*, 
beat and massage can be applied to restore the normal drauitkn 
in the part from the beginning of the treatment, even 
tendon is firmly united. The operations upon tendons can be gjtow 
into tenotomy, tendon lengthening, fixation of a luxated tendon, trua- 
plantation, repair of lacerations and freeing adherent tendons. 


Tenotomy, — This Is done to correct n deformity and relieve fix 
pull of an over-contracted or shortened muscle. If the npertut® 
done subcutaneously, so that only a tiny skin puncture 
massage and manipulation up to the point of pain, to reestibtba _ 
proper joint position after the causal factor of tendon 
been removed, can be immediately instituted. The correctiOT oi ^ 
deformity Is the first objective In treatment The second objwu’* 
strengthening of the weakened op posers, whose action has now 
freed by cutting the spastic or contracted antagonists. The pa 
restoration of joint function by manipulation of the Joint ^ rc®? 0 
range of motion up to the point of pain Is generally 
forcible restoration. The patient must be trained to resume tttf lo- 
tion of the stretched muscles. Faradic current aids In retrain™* 
lost muscle action. If an open operation has been done for 
it U Important to prevent fibrosis in the operative scar by , 
massage, and, if there is any keloid tendency, by the xppHcation* 
a quartz light or minimum closes of x-ray. Tenotomies a* 
done about the feet to correct various talipes deformities. In thU » 
wrenching of the foot forcibly to correct the deformed joint 
is done at the time of the operation, and, whenever swelling ^ 
result, these demand immediate nhvrir*J torment from the day , 


; — - - — poysicai ueaunau ~ \ 

c^raUan. The loot should be elevated and the baker appW 1 "™ 
Iraes a day, accompanied by light stroking massage toward the 
to “““rage vemna and lymphatic return. There Is a curious 
distinction between tenotomies about 
and ot the toot. After tenotomy for a pea cavus or for 
° l ^ COTln S!5i. t ,' nd '® 5 10 a hammer toe, mobilisation ahould 

umeT^?' n 1111 <UvW « i teudons .bout the fort tew* “ 
„ TI y c' ffOTt 13 ® ad ' to prevent this- In tenotomto «< 
b ‘T v ' r ' union is quite slow, and there bj* 
ltM! ‘radon from growing together. Every *** 

fa ph >'’ lcal tnalmmtXuW be one w«ri> 

tends to pub the separated ends larther apart 

l whM! lng '~ In "notomy, with the eterptio" 

;^i?dOThraSnw| Un c Cr faw toMedrcumstances, will regew^; 

- s 

3'“* mu * d » ot 
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the physical management of these cases is that the operation be per- 
formed, not in the free part oi the tendon, which has no blood supply 
through a mesotenon, but In the muscle at its junction with the tendon, 
as this latter wound will heal readily and allow the immediate institu- 
tion of physical methods of treatment alter the operation is performed. 
If the delicate tendons of the hand are lengthened in, or distal to, 
the wrist, no blood supply coma into the tendon through Its mesentery, 
the mesotenon, and one must allow several weeks to elapse in order 
to insure a firm tendon union before manipulation of the nearby joints 
and active motion can be instituted. This is often a calamity, and, 
when treatment is finally begun, it is found that firm adhesions already 
Hud the tendon in its sheath ami only a part of the expected function 
can be reestablished. Thus, it is not advisable to perform a tendon 
lengthening in a finger or where the tendon is covered by a sheath, 
but this should be done above and where the tendon passes through 
a pars ten cm, as In the forearm or above the ankle. Muscle stripping, 
as mentioned previously in connection with the operation of Bsfly in 
ischemic paralysis, is often more successful than operations on the 
tendon or at the junction of the muscle and tendon, as the region of 
the muscle where the stripping is done (at its origin) is much more 
thoroughly supplied with blood than is the tendon. 


Tendon Fixation. — If proper muscular balance carrnot be restored 
after the paralysis of certain muscles or muscle groups, by tendon 
transplantations, a fixation operation is of definite value. This opera- 
tion consists of dividing the paralyzed muscle at its junction with 
the tendon and reuniting this divided tendon to the bone which fur- 
nishes a check on the antagonistic muscles. Occasionally a strip of 
iasda is used for the same purpose in stabilizing « joint and preventing 
the antagonist of a paralyzed muscle from pulling a Joint into a 
position of deformity. These tendons, anchored to the bone are ortfi 
imfly passed through a hole bored through the osseous structure and 
rrqutrr tho ordinary time of throe or lour weeks lor Era, attachraS 
to develop. Some strain on this new tendon preparation seems nJZl 
sary to stimulate firm union. Such strain can be producwlh22 
gently stretching a revf**f tendon at theXeVC^Ss.™ 3 
gradual stretching of the contracted antagonists are bcinTf^L 3 
It is a curious fact that both bones and t SZ, 
tepaic only If some function Is required of iW TW- f. ^ Z 
Wolffs fair of bone repair. ^ torrespeni tc 

Muscle and Tendon Transplantation._TJ_ 
essentially different. The lefotabUslini— t of P™ssr~ — » 

stltutlon of a tendon attached to a baltL* ire s=. 

perform the function of another dfnJS Url so 

technic In both the operatic* and 2 I= 2 J= ===Se £ 

as the other. Dy the physlolc^ =2= 
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by Mayer and BlesaMd, the tendon to be transplanted Is remold 
cnreluUy from its bed after n long Incision to expose Its coarse. Tie 
mesotenon Is carefully cut, and the tendon Is slipped into the she* A 
° u-n - P arn b >K d muscle. This provides the tendon witi 

a physiologic sheath and overcomes in large part the greatest objtsde 
otne resumption of function, adhesions. The first consideration of 
JvJJ? , treatment is to prevent ndhesions. If the insertioo of to 
lenaon is firmly anchored Into, and not onto, bone, gentle passire 
mo on ran be started within the first two or three days, and tetfv^ 
I H-_ 5teo active motion In two weeks. Massage of the operative sor 
80011 115 ^ 5 ^ n vroun d Is healed, to prevent scar ferna- 
k u C optT ? tive woun d. Unless reeducation of voluntary mrtkfi 
„ ^ un » ^patient may never learn to use the revised muscle 
fwr T hc 81095 roovemrats must be reeducated before to 

hv ^Bre extremity can be reSstabUtod 

Tlwrw C f xcrc ^ c °f the larger joints first, then the smaller coo- 
ticnl hv °* mU5c ^ e origins has been recently made vac- 

SS tt? Ci o ' 1 0[ ** mct hod Of transplanting a layer of to*, 
° r , igl ^ to bony pVomltW An esanq* 

tensor fasciae ^ ckso ?' 5 transplantation of the origin of to 

of the ilittm *l OTn l ^ e ^terior to the posterior superior spl* 

medius Telvm fragment, for paralysis of the ghite® 

forward on^ ?? ^ terior Portion of tie gluteus 

cases is exnediti^ * the “w purpose. Bony union in tl*« 

ferred m^S?i nto l ^ l ^ DimDrn voluotar y movements calling the tram- 

•flerom^ TO»^ i ‘^ < i f ( ^L, tallp “ unfortunately, for purp®'*/’* 
over-correction of the generally require a plaster cast to 

faces In apposition aft*r omu ftf or for retaining the fresh booe ear- 
an Even if a out fa appM.K 

removed for gentle tie firrt ftw day* and f™!”,' 00 ' 

of passive movment baking and the production of a mlototnn 
factory tendon transnW.« new , ^Planted tendons. The most »t»* 
to replace the tlblalb n tie foot *** ^ peroneus I<Jg as 

the fifth metatarsal fr*- . lj^ 5 111 ^Pdno valgus; the tibialis anticas. 
hnlluds longtts or tJbialk V3iru5 'p and the peronel with the tomr 
for talipes calcaneus fraritSi ? a T l0 substitute for the tendo achhHs 
of muscle action can be Crr 22r * n &P three, a beginning retraining 
while the foot Is in the cast, f^^ed by alight voluntary motion even 


Tendon Repair.— The 

Is to omit the primary repX^i tendenc y ^ careful plastic surgery 
tlons of the extremities !? verwl ^dons In the cases of lacer*- 
by a dean object, on a dean skin , J^d has been a dean iocisk*< 
soiled dressings In first ^ ' *** contaminated bv subsequent 

few hours after It I* sustained J* .* Clean ntnmd Is seen within a 
’ fK ’ imar y suture may be attempted; 
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otherwise, an interval of several months after the original skin wound 
has healed is allowed before the tendons are repaired. The after-care 
Is of tremendous importance. The extremity is put up in a position 
which completely relaxes the repaired muscle tendon. The length of 
time allowed before passive motion is instituted depends on the 
mechanical skill with which the tendons were united. Slight daily 
passive motion is enough to prevent tiny adhesions within the tendon 
sheaths. Such motion is begun by Koch and Kanavel from the first 
day, in cases where no infection is anticipated. The advent of infection 
destroys all the benefit of careful and atraumatic surgical repair. 
Bunnell recommends wearing a check-rein of adhesive plaster, holding 
the wrist and fingers in flexion for four weeks after repair of flexor 
tendons of the fingers, and later the application of galvanic current to 
contract the flexor tendon, sharply breaking fine adhesions. If adhe- 
sions constrict the tendons in spite of thorough treatment, a second 
operation for freeing them, followed by daily passive and active 
motion, is advised. 

No tendon repair should be done by a surgeon who is not willing 
personally to supervise the after-care. 

Tendon Luxations. — The commonest dislocations of tendons occur 
at the knee, where the patella may slip outward; at the malleoli, where 
the tibialis posticus or the peronei may luxate to a position under 
the skin; at the shoulder, by the long head of the biceps leaving the 
bicipital groove; or in the hand, where the extensor tendon of a finger 
may slip off the knuckle. In partial luxations, especially when due to 
mechanical trauma, splinting, followed by exercises to strengthen 
muscle groups stabilizing the tendon motion, may be successful. In 
complete luxations and those accompanying congenital deformities or 
due to poor musde and tendon development, operative fixation of the 
tendon In a newly prepared vinculum tendlnum of fascia or periosteum 
followed by the usual physical treatment after the tendon operation 
Is more successful. 


Vaginal and Mucous Bursae 

It Is important to emphasize that there Is no essential difference 
in the types of affections which involve the two types of bursae 
Churchman says (hat Albinos, in 1734, described sirieen pairs of 
sacs between tendons and bones and called them "bursae mucosae” 
to distlnpnshtbem from the sbeaths abont the tendons of the uriaa 
and ankles, which Winslow had already Identified and described as 
“bursae vaginae." Plersol has said that bursae are mcj 
liquid found lo vnriousplaces where friction occurs between decree: 
layers or structures. The tendons are often svrwtnxM h' 
and, according to Piersol’* definition, tie Joint canty fret ? * f 
Our consideration is limited to the vaginal or 
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by Mayer and Blesabki, the tendon to 
carefully from iu bed after a long iocWon to expose 
mesotenon b carefully cut, and the tendon U ^ 

of the tendon of the pamlyied muide. This 

a physiologic sheath and «« reom « Steidno of 
to the resumption of function, adhesions. Th Insertion of fl* 

physical treatment fa to prevent adhesions- if ^ paste 

tendon fa firmly anchored into, and not onto, — wavs, and *cti»i 
motion can be started within the first two or th onerative tar 
or assisted active motion in two weeks, : 0 ^ focraa- 

fa begun as soon as the skin wound is healed, to p „ rDC ^fi 

tlon In the operative wound. Unless reeducation o . nnade- 
fa soon begun, the patient may never learn to useine ^ ^ 

tendon system. The gross movements must be reeo nJ-tab&he^ 
finer ones. CoSrdlnatkm of the entire extremity can oces. 

by rhythmic exerdse of the larger joints first, then ^ pj*c- 

The transplantation of muscle origins has been recen y , i***, 
tical by the application of the method of transplanting^ y cflUJl p^ 
with the muscle origin, to some new bony prominence. ^ 
of this procedure Is IMckson’s transplantation of the jpfcjt 

tensor fasciae femorfa from the anterior to the P°? , or Tbjl 
of the Alum, with a bone fragment, for paralysis oi . nuxbnus 
medius. Tel son has shifted the anterior portion of the glut ^y-e 

forward on the Iliac crest for the same purpose. Bony Wir ^ 

cases fa expedited by minimum voluntary movements calling 


fexred muscle into play. iroose* 

Corrective operations for talipes unfortunately, nijjjtr cast iof 
after-care of muscles and tendons, generally require a pi* 5 * . e 
over-correction of the deformity or for retaining the * rc ?“ it 

faces in apposition after an arthrodesis. Even If a cast fa 
can generally be bivalvrd within the first few day* 
removed for grade massage, baking and the productionof 3 
of passive movement in the new Implanted tendons. The 
factory tendon transplan tadons in the foot are the P^^.^.-rtcus, 
to replace the tibialis anticus In equino valgus; the tlbW®* - ^ 
the fifth metatarsal for talipes varus; and the peronei with t« 
halluds longus or tibialis posticus to substitute for the ,cnd( \* 
for talipes calcaneus (paralyde). In all three, a beginning ***f“7j 
of muscle action can be accomplished by alight voluntary mode* 
while the foot Is In the cast. 


Tendon Repair.— 1 Tbe present tendency In carefal pfa 3 * 10 ’^Sa- 
ls to omit tbe primary repair of severed tendon* in the cases of 
does of the extremities, unless the wound has been a dean 
by o dean object, on a dean skin and not contaminated by sobMOJ* 11 
wiled dressings In fint aid. If such a clean wound fa seen 
few hours after It Is sustained, a primary suture may be attempt’ 
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linin g, as compared with many of the superficial bursae, is that the 
latter are easily destroyed by disease or scarifying agents and show 
more tendency to disappear completely after partial resection, inflam- 
mation or scarification and injury than the former. This termination 
Is less Important, so far as function is concerned, and is often the 
aim of treatment, whereas the mucosae vaginae must be intact if 
tendon function is to be conserved. 

The Bursae Vaginae. — Several anatomic and physiologic consid- 
erations arise In connection with tendon-sheath pathology and treat- 
ment. Bunnell (Fig. 20 ) has shown that the protective covering and 



F»X 11 . — Mkro*ct>p 4 c Croat lectloo through the htha of the ext rotor locjcat htlhtcb 
tend 00 (tduJt). Lett* obj. 3, oc. i, tube 140. T. C. tendon ceQt; E. T. endotenon; Ep, 
rp fa eoon ; M. T. tnetotenon 

The metotenoo exparxb at It* lnwrtion tnto the tendon, forming 1 deflate tightly 
adherent eonnectixg-tbaw ronloptag layer— the epttmon. From the epfcroon, conneetlvn- 
ti*ue tei<* extend Into the tendon, aroaratina It Into larger and smaller btrodk*. Tbete 
tepta I have termed the endotenon (old terminology; peritroonhrm btermnn), at oppoaed 
to the etotenon, the connective time coating the anrfaee of the tendon. Within ti* ibath 
tha etotraon b repreteoted by the epUrooe and the metotenoo ; above the aheath and at 
the two portab of the ibath by the par* ten on. (From Lewk, Practka of Surgery, 
nafrrdown, McL, W. F. Prior Col, Inc, 1931.) 


blood supply differ In the longer tendons, depending on whether the 
tendons exert a straight pull or must pass at an angle or around a 
corner to reach their attachment In the former case, a tendon glides 
in the parntenon, a spedalixed fat between the tendon and the firm 
fascial compartments in the vicinity. Here the blood supply is ample 
being supplied by branches from the muscle and helldne or tortuous 
vessels passing through the parntenon and long enough to follow the 

T 5 ’ f ! ,ty ,l55ue 15 <0 the tendon 

and glides with It Fatty tissue is notably slow in developing fibrosis 
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Ing tendons and tie bursae ""tonsae. ^ ,0 ™" teS* 
Important In therapeutics, of having a true > piersol, wto 

synoviale, while the latter art *“?' ^perfection el & 

a “more or less cellular lining," te *^°LSle la the sab- 
synovial lining in the bursae nraoMoebdnglos^P^ ^ 
cutaneous than In some of the de *PfV < bursae is ndthei ejh 
and also Braun, tbe synovial an d, tbertlort, ol 

thellum nor endothelium, but real connective ^.^csted the dm* 

' mesodermal origin, and Jones has, “^f'jL-aiment of spedCtilJ 
“mesothelium.” Tbe Importance of te ndm she«“ 

differentiated and secreting lining membrane to 



Fxj. *i/ — Atwlomy *nd jJVflm mrctuw^w of i tendon (tlUalb * nlVn* * 

Sbovbtt: tbe prcnlmml p»rt of tin trodoc mrloird In fwntrooc Ut, ,a dJ q_« thro** 51 
« ber* tbe tendon ttirm i row when m tkw^Jteiioo ihowta* fbe taw** 
hi *bath oi *t b ^T *!*??** ** 1 ^T tkrooith tu anwlnxw. . ^ «** T 

(A). Tbe ibratb 1* looked Into frows tbe front, tfxnrtei ■ ptiea dopBc* 1 * * 

_j .ad . p0a rimpiex it tbe lower. , 

(D). Cro»* irrtit* oi tendon ta »h**tb, ibosrln* the retard 

an i-trpdoe. i-endotraon, j-epHewm, i-*be»th, 5 -«nt»ot»Ofl wHi ifr*^ 

, (.^tu 8-{t»«teone, o-tnvkw, io-pfl« (Wpikati. rr-#be*tf», ir-f>flc* 
lAV, rr»ctl« of SufTerr, IU**ntw, M4 , W F. Prior Co. Inc. *«*■) 
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from using a scoop in filling bags and repeated supination in turning 
heavy ledger sheets. The reader is referred to Bunnell’s excellent 
article on synovitis In “Lewis’ Surgery.” The pressure of puttees or 
heavy shoes on the peroneal and Achilles tendon results In exquisitely 
painful synovitis about the ankle. 

As the tendon sheath becomes congested and roughened, fibrin Is 
deposited on the synovial surface, and often a pathognomonic tendon 
crepitus can be felt or even heard on motion. Effusion, with a tender 
sausage-shaped swelling along the course of the tendon, may eventuate. 

The symptoms may subside with a few days’ rest and immobHixa- 
tlon, but return when the offending motion Is resumed. These con- 
stitute one of the most troublesome types of minor Injury with which 
the Industrial surgeon is confronted, as be Is never able to make a 
definite prognosis, the most insignificant case sometimes being disabled 
for weeks or months. In the management of both the acute and chronic 
stages, absolute Immobilization of the joints whose motion causes 
pain is Indicated. For this affection in the thumb and extensors of the 
wrist and fingers, a cock-up splint serves admirably. If the flexors 
are affected, a dorsal splint, with the fingers and wrist completely 
flexed, Is better. In all cases, the fingers most be completely im- 
mobilized. Massage, in our experience, Is disastrous, and heat is best 
applied as diathermy for one to two hours daily. The danger of 
fibrous-adhesion development in the traumatic case Is an important 
one. Some cases can return to work after all pain on motion has dis- 
appeared, wearing a leather wristlet or a liquid-plaster wrist and hand 
splint (Fig. ao). 

Pyogenic Tenosynovitis. — The advent of tendon-sheath Infection 
after trivial Infected wounds of the fingers or hands requires imme- 
diate and wide surgical indsion to drain thoroughly the sheath to the 
limits of Involvement. Before the wound has healed, passive motion 
to prevent fibrous-tendon and tendon-sheath adhesions is Imperative. 
This may seem radical but is urgently advised. Dry heat and passive 
motion with light stroking massage are indicated in the same case, 
as the motions of nearby joints most be conserved from the very 
beginning of treatment. 


Gonorrheal Tenosynovitis — In the coarse of an acute or chronic 
gonorrheal Infection, a tenosynovitis may occur. Often this Is described 
by the patient as following some minor contusion or strain. The indus- 
trial surgeon must be on the look-out for snch an etiology in every 
supposedly traumatic case. Complement fixation and smears from the 
genitalia aid in deciding. The prognosis in these cases is much worse 
as regards loss of function from adhesions and ankylosis than almost 
any other type of synovitis. The course is prolonged. Vaccine therapy 
occasionally yields a startlingly rapid Improvement Active and passive 
motion and manipulation are contraindicated at ail stages of treat- 
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and adhesions after Injury or Infection, hence the danger of constrict- 
ing fibrosis in this portion or type of the tendon-muscle system h it 
a minimum. Operations for tendon repair or revision are best per- 
formed here. When gliding around a curve, the tendon moves fa t 
smooth, lubricated tendon sheath lined with synovial membrane. This 
sheath is a closed sac. Indented at the two ends to allow for mcticc 
of the tendon within It. The lubricating fluid changes with inflamma- 
tion, and too much or too little fluid is the source of symptomatology. 
Pain on motion results from roughening of the synovial lining. Con- 
striction of this sheath, which Is, even under normal conditions, snag, 
interferes with the gliding and constricts the blood supply to tbt 
tendon. This blood supply to the tendon in Its sheath generally rtarba 
it through a loose mesentery, the mesotenon, capable of stretching 
in either direction to accommodate the limit of tendon motion (Big- 
21 ). If this is inflamed, the vessels which it carries are constricted 
causing tendon ischemia or congestion with subsequent damage. T* 
mesotenon may shorten from chronic Inflammation, causing fibrosa 
ana binding the tendon, restricting its motion mechanically. T" 5 
delicate arrangement of a tendon in a snug sheath, with a lubricating 
fluid content and complicated blood supply, makes this a point o 
election for adhesive tenosynovitis and the constrictive affection tint 
described by tie Quervaln as “stenosing tenovaginitfa.' 1 This is a j*** 
site lor tendon operations. In some locations near tendon Insertions, 
and In some individuals at all points in the sheath-enclosed teodoc, 
a ^ devDld of mesotenon. The tibialis posticus and fleiontf 
*** ,, 1 §^ are e ^ am P ,es of this lack of adequate blood supply. WJ 
smal blood supply these tendons receive nrnst arrive from either end 
i ^ ,endon5 themselves. The slightest degree o\ 
V ot tht tfJldon obstructs this imperfect juftft 

M ’"PPbed is in the worst possible sftustfoo lot 
operation or repslr, or lor resistance to infection. 


TENOSYKOVtns 

coin™io™o t ^oT < repratrtr!Sr’ TIlls may occur 83 a rou ’ t of ° ’'tS 

commonest type TuuTLj^ 0 ^^ ° f m 

n round the tendons o( the lone “ U ! ho . r ac f un !" 5fJToi 
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Stenosing Fibrous Tenosynovitis of de Quervain. — In 1895 
de Quervain, of Basle, Switzerland, described five cases of this malady, 
but no mention of it appears in American literature until Schneider, 
of Milwaukee, reported fifteen cases in 1928. In all these cases the 
shep ths of the abductor poilicis longus and the extensor polllcis brevis 
were affected, where these tendons pass under the superficial dorsal 
carpal ligament, although from clinical observation we know that a 
similar process probably develops about the ankle, particularly around 
the peroneal tendons after os adds fracture, and about the extensors 
at the wrist. Some of the cases of de Quervain and Schneider resulted 
from monotonous use of the thumb, occasionally following a single 
trauma to the dorsum of the wrist, while some appeared to have a 
“rheumatic” background. Roentgenograms revealed a calcareous de- 
posit on the radius at the site of the fibrocartilage disk, probably in 
the diseased tendon sheath where it Is closely adherent to the bone. 
De Quervain found a fibrosis In the middle layers of the tendon 
sheaths. Nussbaum, in operating on these, described five layers in the 
sheaths, with the middle layers composed of firm connective tissue 
arranged at right angles to each other, that Is, one longitudinal and 
the other transverse. These two layers presented marked fibrosis, 
constricting the sheath which was too narrow for the tendon to pass. 

These patients complain of severe pain on extension and abduction 
of the thumb, being often entirely unable to accomplish these motions. 
Even gripping and ulnar motion, or extension of the wrist may pro- 
duce pain. A thickening may be palpated on the dorsum of the lower 
end of the radius, but there Is no redness or crepitation on motion. 
Despite rest of the extremity and the application of electric beat, the 
pain becomes increasingly severe. Schneider cured seven cases In ten 
by the application of a plaster splint, including the thumb and fore- 
arm, but several were relieved only by surgical intervention. In some, 
as de Quervain suggested, be split the Involved tendon sheaths, In- 
cluding the dorsal carpal ligament, and applied a cast. Later, heat, 
light, massage and active motion were given, and, in the operative 
cases, all recovered completely. 

Decompression operations based on this principle are advised in all 
cases of chronic synovitis In which the subjective symptoms are not 
relieved in a reasonable time— four to six weeks— by complete Im- 
mobilization and baking. Many months of loss from remunerative 
employment can be saved the patient by timely surgical Intervention 
in resistant tenosynovitis. 


Bursitis 

For purposes of treatment, bursae mucosae can be considered in 
/O Superficial CrSt: 

co«idm,bly In size, .number and position and are not necessary w 
the function of movutg structures. All remedial treatment^ 1* 
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ment, until months after all subjective symptoms have disappeared. 
Adhesions cannot be prevented In this affeiiion. Ankylosis and fibrosis 
must be expected. The probable loss of function should be explained 
to the patient early In the course of treatment. 

Tuberculous Tenosynovitis. — This commonly affects the sheaths 
of the extensor or flexor tendons at the wrist or, less commonly, those 
about the foot and ankle. Early in the course, It is mistaken for s 
mild tenosynovitis resulting from a trivial injury, but the progression 
of swelling, due to either serous effusion or peri synovial hyperplasia, 
without much tenderness, redness or pain, marks the case as the 
result of some specific granuloma. There may or may not be a demon- 
strable focus of tuberculous Infection elsewhere. If a nearby joint is 
Involved, the diagnosis la quite simple. The distinction from a syphi- 
litic affection cannot easily be made except by the serologic tests on 
the blood or cerebrospinal fluid. If syphilis is diagnosed, the local 
treatment of the synovitis is greatly aided by general specific treat- 
ment. Tuberculous synovitis can be approached In two ways: by the 
conservative treatment, such as used for joint tuberculosis, comprising 
complete fixation of the part aided by both local and general helio- 
therapy, and by hyperalimentation. The general care of the tubercu- 
lous patient is as Important as rest of the focus of infection. If, after 
several months, the local disease is progressing— that Is, swelling 
increases and sinuses appear as the process Is extending along the 
muscle-tendon system — or there is evidence of necrosis of tendon, 
complete excision of the tendon sheath and pathologic tissue in the 
vidnlty, Including the necrotic tendon, must be performed. Knnavrl 
seems Inclined toward this radical treatment early In the course of 
the disease as leaving a better condition in which to begin reconstruc- 
tive and reWucatlve treatment of the remaining intact structures of 
the part. Bunnell suggests early indsion into the tendon sheath and 
the introduction of 5 per cent iodoform in glycerin, followed by pro- 
longed immobfllxation on a splint. However, the general rule can be 
made that if a tuberculous focus in the tendon sheath Is not Improv- 
ing in appearance after a few weeks of spiLntlng, one sort or other of 
surgery is indicated. 

Rheumatic and Gouty Inflammation of the Tendon Sheath.— 
This fs diagnosed by the occurrence of foci elsewhere. In the rheu- 
matic affection, the tender swelling may appear suddenly. A history 
of various joint, muscular or bursal affections elsewhere makes a 
diagnosis- The acute stages demand splinting and gentle bating. After 
the local focus of Infection or allergic reaction has subsided, beating 
followed by passive motion and retraining of atrophied muscles aids 
in preventing deformity and loss of function. The general physical 
treatment of rheumatism is of as much importance as local measures. 
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Stenosing Fibrous Tenosynovitis of de Quervain.— In 1895 
de Quervajo, of Basle, Switzerland, described five cases of this malady, 
but no mention of It appears in American literature until Schneider, 
of Milwaukee, reported fifteen cases in 1928. In all these cases the 
sheaths of the abductor pollicis longus and the extensor poTllds brevis 
were affected, where these tendons pass under the superficial dorsal 
carpal ligament, although from dim cal observation we know that a 
similar process probably develops about the ankle, particularly around 
the peroneal tendons after os calcis fracture, and about the extensors 
at the wrist Some of the cases of de Quervain and Schneider resulted 
from monotonous use of the thumb, occasionally following a single 
trauma to the dorsum of the wrist, while some appeared to have a 
“rheumatic” background. Roentgenograms revealed a calcareous de- 
posit on the radius at the site of the fibroca tillage disk, probably in 
the diseased tendon sheath where it is closely adherent to the bone. 
De Quervain found a fibrosis in the middle layers of the tendon 
•heaths. Nussbaum, in operating on these, described five layers In the 
sheaths, with the middle layers composed of firm connective tissue 
arranged at right angles to each other, that Is, one longitudinal and 
the other transverse. These two layers presented marked fibrosis, 
constricting the sheath which was too narrow for the tendon to pass. 

These patients complain of severe pain on extension and abduction 
of the thumb, being often entirely unable to accomplish these motions. 
Even gripping and ulnar motion, or extension of the wrist may pro- 
duce pofn. A thickening may be palpated on the dorsum of the lower 
end of the radius, but there is no redness or crepitation on motion. 
Despite rest of the extremity and the application of electric heat, the 
pain becomes increasingly severe. Schneider cured seven cases In ten 
by the application of a plaster splint, including the thumb and fore- 
arm, but several were relieved only by surgical intervention. In some, 

de Quervain suggested, he split the involved tendon sheaths, fn- 
^ carpal ligament, and applied a cast. Later, heat, 

aght, massage and active motion were given, and, In the operative 
case*, all recovered completely. 

Decompression operations based on this principle are advised In all 
C * lron * c s y nov fti s m which the subjective symptoms arc not 
eved in a reasonable time — four to six weeks— by complete 1m- 
mobj ltzation and baking. Many months of loss from remunerative 
frnpfoyment can be saved the patient by timely surgical intervention 
m "skbmt tenosynovitis. 


Bursitis 

For 

two °f treatment, bursar mucosae can be considered in 

Superficial and subcutaneous bursae, which vary 
tbe number and position and are not necessary to 

nctJon of moving structures. ATI remedial treatment can be 
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directed toward the obliteration, destruction and removal of tbeie 
structures, since they are not necessary to the function of the part 
Furthermore, constant or repeated pressure easily results In the for- 
mation of a new adventitious bursa wherever such a structure is 
needed. Inflamed bursae of this type can be aspirated and the lining 
scarified or Injected with escharotics, After aspiration, large doses of 
diathermy, followed by compression bandaging,’ may result in their 
obliteration. If purulent infection develops, wide incision and packing 
or complete surgical removal results in a cure. 

(a) The deeper bursae are of far greater importance in function. 
They may be classified as: fa) subfascial, aiding the motion of fascial 
planes upon each other; (d) submuscular, which are between two 
muscles, between a muscle and some skeletal part or between a muscle 
and a tendon; (c) subtendinous bursae, which are between tendon 
and bone, between tendon and ligament or between two tendons; 
(d) periarticular bursae, like the bursae subscapularis and bursae 
subcruralis^ which often connect with a contiguous joint. These deeper 
bursae are important as being the location of much obscure pathology 
and mistaken diagnosis. The surgical approach is often, difficult or 
exposes important structures, so that surgical removal is not always 
feasible without a destructive operation. The tendency to communi- 
cate with nearby joints accounts for the danger of the extension of 
an infection from bursa to joint. 

Being quite like the tendon sheaths and joint cavities in develop- 
ment and anatomy, the bursae mucosae present the same pathologic 
reactions to trauma, infection and irritation as do the former struc- 
tures. In chronic bursitis, resulting from trivial trauma or repeated 
unusual motion, the question of a rheumatic element in the inflamma- 
tion always enters the mind of the examiner. 

Because of the complicated arrangement and contiguity of impor- 
tant structures, all types of bursal pathology, except purulent infec- 
tion, should be given the benefit of thorough and prolonged physical 
treatment before operative intervention is contemplated. For an in* 
telligent approach to the treatment by physical means, the physician 
must visual ue the probable pathology of the bursa aid surrounding 
structures at different stages of inflammation. Deerine has admirably 
classified these stages somewhat as follows: 


Acute reartums with effusion or fibrin depoaltioo beginning. 

. IrPT*. ,orm t« “"d coutractingTwltb as«idnt«i f«*- 

c “ pCTE,rtIc:ular fibrais in a contiguous Joint. 

4. Caldirm nod fat deposition in the buraa or ohtiterative fibrosis. 


acuity, 


Sometime* the fafbunrmtion begins inriilotuly, with „„ 
sOffneu ol nearby joints and pain on motion being the first complaint 
The early local treatment consist, oi heat, particularly diathermy, 
and absolute rest of the part in a position relating pressure upon the 
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affected bursa. Gentle massage up to the pain threshold maintains 
muscle nutrition and relaxes spasm. This, If unrelieved, would result 
in muscle atrophy and fibrosis. Elevation is indicated in cases of 
hyperacuity or pathology suggesting pyogenic infection. Repeated 
aspiration Is indicated In the first stage, as long as the bursa is mark- 
edly distended with fluid. In the second stage, fibrous adhesions in 
the bursa and nearby tendon sheaths or between muscles must be 
prevented, even at the expense of some pain to the patient, by means 
of gentle manipulations and active stretching exercises to maintain 
joint, tendon and muscle movement. Heat is continued. 

Often the case is seen first during the third stage, when the acuity 
has subsided but much associated pathology of muscle atrophy and 
fibrositis is already established. Besides the physical treatment already 
mentioned, forcible manipulation under gas Is necessary, in graded 
operations, however, at each treatment only a few degrees of one move- 
ment being attempted and followed by massage and h ikin g. For In- 
stance, in the neglected third stage, subdeltoid bursitis, only a few 
degrees of abduction of the stiffened and atrophied shoulder muscles 
are attempted the first time. Later, complete abduction Is accomplished 
and, atm later, external rotation and, lastly, Internal rotation. Faradic 
stimulation of ftmctionless muscles with a Smart- Bristow coll initiates 
muscle retraining. Assisted exercises follow the institution of volun- 
tary muscle action. 

In the last stage, when calcium salt or amorphous fat can be seen 
filling the bursa, diathermy has an almost specific action in hastening 
Its resorption. 

Special Forms of Bursitis 

The chronic cases presenting no positive roentgenologic findings 
are often mistaken for traumatic periostitis, neuritis, articular syno- 
vitis, a primary affection of nearby tendons or their sheaths, or 
myositis. A definite diagnosis Is imperative to enable one to mnlcp a 
decision between operative and physical treatment. 

Bursae About the Shoulder. — All types of inflammation in the 
structures about the shoulder joint are characterized by pain on motion 
th* joint, limitation of motion and a tendency to hold the arm 
adducted against the side. It is difficult to make an accurate differen- 
ual diagnosis of the pathology and the etlologic factors involved in 
tna symptom picture. The subdeltoid or subacromial bursa Is the 
most frequent of the structures outside the joint cavity proper to 
present lesions of traumatic or inflammatory etiology. A fall on the 
outstretched arm brings the greater tuberosity smartly against the 
acromion process. Continual exertion with the arm hyper extended 
states structures covering these bony processes, in a less violent 
™nner. If the patient has a tendency to synovial irritation from 
**ne chronic toxemic or allergic reaction affecting joint and synovial 
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directed toward the obliteration, destruction arid removsl of these 
strurtures, since they are not necessary to the function of the part 
Furthermore, constant or repeated pressure easily results In the for- 
mauon of a new adventitious bursa wherever such a structure it 
needed. Inflamed bursae of this type can be aspirated and the Hubs 
Kartned or Injected with escharotics. Alter aspiration, large doses ol 
diathermy, foflowed by compression bandaging, may result fa their 
obliteration. If purulent Infection develops, wide incision and packfag 
° r P7 P ' etC surgical removal results in a cure. 

(a) The deeper bursae are ol iar greater importance in function. 
They may be classified as: (a) subfasdal, aiding the motion of fascial 
planes upon each other; (b) submuscular, which are between two 
muscles, between a muscle and some skeletal part or between a muscle 
and a tendon; (c) subtendinous bursae, which are between tendoo 
rat tendon and ligament or between two tendons; 

(d) periarticular bursae, like the bursae subscapularis and bursae 
subcruralis, which often connect with a contiguous joint. These deeper 
bursae are important as being the location of much obscure pathology 
andmistaken dlagnosfs. The surgical approach is often difficult or 
nSrfhu *f ructurcs , »o that surgical removal Is not always 

“out a destructive operation. The tendency to commtmi- 
^ rby u 0totS accoun( s lor the danger of the extension of 
an infection from bursa to joint, 

me^f«nrt quit ' ( 1!ke *7 t ? aiSon sheaths a»i joint cavities In develop- 
S^rt!m^i^f t0my ’ 1 ’ ut , bursat mucosae present the same pathologic 
rf,™! n S’5 ( f cUon lmd Station as do the former struc- 
^,'J b ; resultin « from trivial trauma or repeated 

of a element In the inflamma- 

tion always enters the mind 0 f the examiner. 

tant'S!irtiwe, li ^t| C ^ pUc!lt , e f arrM e«Pent and contiguity of impor- 
, , , ,, , ’ . IPcs of bursa] pathology, except purulent Infec- 

1 PTO> h™' 6 ' of thorough and prolonged physiol 

reatment before operative intervention fa continued For m te- 
hr Phy^i^^ tke p^dan 
atSct^S a^dlffar^r^ b ' p ®. tboIo » r °l the bursa and surrounding 
classified these S3?,2£te DtBbt *“ " dmlniW - V 

s' m^iTJdb2ronT i ft^™ OT OT fibrk deposition beghnifag. 
dal'fibrosis and 

J, Muscular atrophy. l * namcu h>r fibrosis In a contiguous joint. 

4. Cal dura and (at deposition in the bursa or obliterative fibrosis. 

The early local treatment «msh™o7£, ? 

„d absolute rest of the 
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tiem of the supraspinatus tendon. In lesions of this tendon, internal 
rotation and abduction are more painful than external rotation and 
abduction, which latter are more painful in the subdeltoid affection. 
An x-ray taken with the arm rotated outward, the tube focused from 
a position dose to the base of the neck and directed downward and 
posteriorly, Is likely to show the supraspinatus pathology, while an 
ordinary anteroposterior flat plate visualizes the subdeltoid bursa 
dearly. The distinction In subdeltoid and supraspinatus pathology 
from the standpoint of treatment Is an important one, since chronic 
Inflammation in the former yields much more readily and uniformly 
to diathermy and the abduction splint than the latter, which gives a 
much more hopeful prognosis of function return after early operation 
for removal of the pathology in the tendon. Harbin finds the area of 
degeneration and calcium deposition often entirely limited to the 
tendon at operation, without any associated changes in the subdeltoid 
bursa. The tissues within and beneath the deltoid muscle share with 
those about the elbow joint in a characteristic tendency toward cal- 
cium deposition after injury or irritation. Schujenioff found that 
calcium may be deposited in the deltoid muscle fibers within 36 hours 
after suture of a laceration of this muscle. Calcium deposition proceeds 
pari passu with a tendency to fibrosis, making any shoulder injury 
particularly likely to result in early stiffness and limitation of motion. 

Acromial bursitis is quite superficial, and the inflamed bursa can 
be palpated near the surface at the top of the acromion. 

Tenosynovitis of the long head of the biceps presents a tenderness 
far anterior, under the deltoid and along the bicipital groove. External 
rotation and extension of the shoulder are painful, as is bldpital action, 
bocal crepitus may be present. 

Bursitis of the cora co-acromial, subscapular and infraspinatus 
bursae is rare, and the tenderness is localized and not adjacent to the 
subdeltoid tender points. The first may be located under the coracoid 
process In front, or farther anterior, beneath the combined tendon 
°f the coracobra chi alls muscle and the short head of the biceps. The 
suhscapular bursa Ilea between Its muscle and the Joint capsule with 
^Wch It typically communicates, and inflammation rarely Involves 
this without, or is diagnosed separately from, disease of the joint 
proper. 


Periostitis of the humerus at the deltoid insertion may be traumatic 
“k? forcible deltoid action, or associated with myofascitis here. 
Abduction is painful, but no other signs of subdeltoid bursitis are 
preent, and x-ray may show a local roughening or exostosis of the 
Periosteum. These yield slowly to diathermy, but shoulder- joint 
motions can easily be preserved. 

Brachial neuritis, or radiculitis with or without roentgenologic evf- 
0ence cervical arthritis, is more tender at the nerve exits from the 
wnical spine and tends to produce pain radiating along the upper 
border of the trapexms and definitely down nerve trunks of theT^ 
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surfaces, less friction is necessary to produce serous or plastic re*c- 
tions of bursal surfaces. 

Cod man investigated the pathology of subdeltoid bursa reactions 
23 years ago and described this bursa as follows: “Its base is formed 
by the tuberosity of the humerus and the tendons of its rotators, which 
are inserted into the tuberosity. Its roof is formed by the periosteum 
beneath the clavicle, the coraco- acromial ligament and the acromion, 
and by the upper part of the fibers of the deltoid muscle. Its limits 
beneath the deltoid muscle vary considerably, but the outline is Hkely 
to be trilobar, like a clover leaf, and to extend below the edge of the 
point. On the whole, it Is circular in outline, concavo-convex in shape, 
and about the size of the palm of the hand. The sensory nerves aris- 
ing from the shoulder joint and from this large subdeltoid bursa, 
which may be spoken of as an accessory shoulder joint, go to the same 
cord level which supplies motor impulses to the muscles in close 
proximity to the shoulder joint, and sensory irritation is reflected to 
these muscles as protective spasm, fixing the shoulder in adduction 
and slight internal rotation. This position Is Identical with that of 
decerebrate rigidity and allows the powerful adductors and Internal 
rotators to stretch the weaker external rotator and abductor groups. 
The establishment of function of the weaker group about any joint 
is more difficult than rehabilitation of their stronger antagonists, 
particularly when the stronger group, as here, are the “gravity 
muscles” with “plastic tone.” On physical examination, the greatest 
tenderness is found either over the middle of the deltoid or over its 
Insertion, or distributed in both of these points. Pain on abduction 
may begin with the first few degrees of motion and be localized 0*1 
the outer aspect of the arm at the deltoid insertion, or suddenly appear 
at about right-angle abduction, localized just below the acromion. 
No pain or tenderness should be expected in the uncomplicated sub- 
deltoid lesion over the anterior border of the deltoid or about the 
bicipital groove of the humerus. In ernmlnlng shoulder motion, it is 
an important item of technic for the examiner to seize the scapula 
firmly and prevent its rotating motion to replace the shoulder joint 
motion in the stiffened or painful shoulder. Codman’s teat of having 
the patient flex the spine forward and let the arms hang down, then 
arise, bringing the arms up to the horizontal with the body, is impor- 
tant When this maneuver is performed, a sharp pain is generally 
experienced in the shoulder when the erect position is resumed and 
the humeral head is brought up against the acromion. 

In 1906 , Dawbom described a sign rather characteristic of prolif- 
erative changes or caldum deposition in the suprasplnatus tendon, 
in studying subdeltoid bursitis, but Stevens, in 1909, first recognised 
a distinction between the former condition and subdeltoid bursitis 
proper. The sign mentioned consists of a point of tenderness just above 
the tuberosity of the humerus, which disappears under the acromion 
on extreme abduction of the arm. This fa rather constant in caldfica- 
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tion of the supraspinatus tendon. In lesions of this tendon, Internal 
rotation and abduction are more painful than external rotation and 
abduction, which latter are more painful in the subdeltoid affection. 
An x-ray taken with the arm rotated outward, the tube focused from 
a position dose to the base of the neck and directed downward and 
posteriorly, Is likely to show the supraspinatus pathology, while an 
ordinary anteroposterior flat plate visualizes the subdeltoid bursa 
dearly. The distinction in subdeltoid and supraspinatus pathology' 
from the standpoint of treatment is an important one, since chronic 
inflammation in the former yields much more readily and uniformly 
to diathermy and the abduction splint than the latter, which gives a 
much more hopeful prognosis of function return after early operation 
for removal of the pathology in the tendon. Harbin finds the area of 
degeneration and calcium deposition often entirely limited to the 
tendon at operation, without any associated changes in the subdeltoid 
bursa. The tissues within and beneath the deltoid muscle share with 
those about the elbow Joint in a characteristic tendency toward cal- 
cium deposition after injury or irritation. SchujenJoff found that 
calcium may be deposited in the deltoid muscle fibers within 36 hours 
after suture of a laceration of this muscle. Calcium deposition proceeds 
pori passu with a tendency to fibrosis, making any shoulder injury 
particularly likely to result In early stiffness and limitation of motion. 

Acromial bursitis is quite superficial, and the inflamed bursa can 
be palpated near the surface at the top of the acromion. 

Tenosynovitis of the long head of the biceps presents a tenderness 
far anterior, under the deltoid and along the bicipital groove. External 
rotation and extension of the shoulder are painful, as Is bicipital action. 
Local crepitus may be present. 

Bursitis of the cora co-acromial, subscapular and infraspinatus 
bursae is rare, and the tenderness is localized and not adjacent to the 
subdeltoid tender points. The first may be located under the coracoid 
process in front, or farther anterior, beneath the combined tendon 
of the coracobrachialis muscle and the short head of the biceps. The 
subscapular bursa lies between Its muscle and the joint capsule with 
which It typically communicates, and inflammation rarely involves 
this without, or is diagnosed separately from, disease of the iofnt 
proper. 


Periostitis of the humerus at the deltoid Insertion may be traumatic 
from forcible deltoid action, or associated with myofascitis here. 
Abduction Is painful, but no other signs of subdeltoid bursitis are 
pwent, and x-ray may show a local roughening or exostosis of the 
Periosteum. These yield slowly to diathermy, but shoulder- (oint 
motions can easily be preserved. 

Bracilil neuritis, or radiculitis with or without roentgenologic evi 
of cervical arthritis, is more tender at the nerve cots from the 
oenlcal spine and tends to produce pain radiating along the uuner 
border of the traperius and definitely down nerve trunks^ theTS 
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The median or circumflex trunk may be tender to palpation in the 
lower third of the arm. 

The principles of treatment correspond to the general rules for the 
management of bursitis anywhere. Immobilization on an abduction 
splint, with complete external rotation, often cannot be accomplished 
until gradual stretching of the contracted adductors and internal 
rotators has restored motion to the shoulder. Confinement to bed in 
the supine position, with the arm in a sling tied to the head of the 
bed, aids in gradual abduction. Most disabilities of the shoulder joint 
are best immobilized in this position. If calcium deposits are not 
rezorbed from the bursa after a few weeks’ administration, open 
operation is Indicated for the removal of the contents and as much 


of the thickened bursal wall and underlying periosteum as an be 
exposed In the field. Physical tr eatm ent roust continue thereafter. 

Of the deeper bursae about the elbow, the ones under the tendinous 
Insertion of the triceps or within the fibers of this Insertion are difficult 
to approach surgically, without some damage to an important muscle 
tendon. Not enough fluid collects in these bursae to be successfully 
aiplrated. A surrounding fibrosis is the most troublesome feature. 
Radlohumeral bursitis, “epiphysitis” or tennis elbow, characterized 
by severe pain over the outer side of the elbow and a point of tender- 
ness over the external epi condyle, is generally considered as due to 
Inflammation of a small bursa lying between the conjoined tendon 
and the radlohumeral joint These have been operated on successfully 
by Osgood, but can, In our experience, be treated successfully by 
complete Immobilization of the elbow In semlflexion and with the 
forearm In the midposition between pronation and supination. W* 
athermy is applied dally up to the “toleration” doze. This treatment 
should relieve all symptoms in three to lix weeks. Active motion of 
the arm can then be rwumed, but violent exercise or the performance 
, the peculiar type of movement originally responsible for the Infla- 
tion should not be repeated. Recurrences are common, and, if a chronic 
painful stage develops, operative Interference should be undertaken. 

Several deep bursae about the hip require physical treatment 
Eu ” ^ trochanter i, easily mistaken for osteo- 

U “'tte hip or epiphysitis, Careful diagnosis b 
«*rttbl. Splinting, rest to bed and dlathSmy ^ successful if tredt- 
menlls < ^ nU “ u _ K, , 1 “[«!“« enough period and no suppurative process 
™n7^ L InX^m U t fWCt tt ” U “ d bursae vary fa site and 

position. Infbmnutorj’ processes here can be mistaken for psoas 
Aspiration may aid to diagnosis 
and treatment. Physical therapy should be given a prolonged trial 
before operative fa mention, Pathology fa the ischial bunuls easily 
approached surgically and .shook) bedtosectri out. 

from constant pressure ol shoo upon ^ nre)1 , ng apd 
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Typical of this Is the bursa commonly appearing and frequently the 
seat of pain and swelling over a bunion. Surgical dissection may leave 
tender scars when care is not exercised in choosing a skin flap which 
will not leave a suture line passing over a bony prominence. The 
deeper bursae, when inflamed, are generally not palpable but produce 
exquisitely tender areas in characteristic locations. Sharp bony spurs 
may grow from the periosteum beneath, or protruding into, contiguous 
ligaments or fascial planes. These osteophytes must be thoroughly 
excised with the underlying periosteum before physical treatment of 
the inflamed bursa can be undertaken. There are four distinct sets 
about the os caids capable of producing disabling symptoms: 

1. At the attachment of the adductor haHuds brevis, the flexor 
cGgitorum brevis muscles and the plantar fascia, just beneath the 
sustentaculum tali is the anterior calcaneal bursa. It lies beneath the 
short flexors of the foot and anterior to the posterior tubercle of the 
astragalus in a region of difficult surgical approach. 

2. More superficial than this, on the inferior surface of the tuber- 
osity of the os caids and covering this bony prominence, is the 
posterior calcaneal bursa. 

3. Anterior to the Achilles tendon, on the neck of the os caids, lies 
the retrocalcaneal bursa. 

4. Anterior and internal to this bursa and In dose relation to the 
tendons of the posterior tibial and flexor longus digltorum muscles 
are other bursae of Irregular size and position. 

In chronic stages of inflammation, roentgenologic evidence of thick- 
ening or caldum, or fatty contents may be seen. Baking and the main- 
tenance of the part in absolute immob filiation will alleviate the 
symptoms of the bursitis. 


Pitfalls in the Physical Treatment of the Muscle-Tendon 
System 

1. The most important pitfall applying to musde, as to all physical, 
treatment is the danger of treatment of the local pathology without 
a careful physical examination and history to rule out the etiologic 
factor of a general disease or distantly located cause for the local 
pathology. 

2. Tumors and swelling of tendons and musdes should be ap- 
proached from a standpoint of physical treatment only after a positive 
diagnosis is made. Benign tumors of the former are surgical. Little 
can be expected from physical means before the mechanical inter- 
ference of the swelling with function is removed. No musde tumor 
can be trusted not to become malignant. Physical treatment may aid 
in its dissemination or metastasis. 

3- Increased swelling, tenderness, superficial congestion, pulsation 
or telangiectasis developing while a musde Is under treatmenTarries 
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The median or circumflex trunk may be tender to palpation In the 
lower third of the arm. 

The principles of treatment correspond to the general rules for the 
management of bursitis anywhere. Immobilisation on an abduction 
splint, with complete external rotation, often cannot be accomplished 
until gradual stretching of the contracted adductors and Internal 
rotators has restored motion to the shoulder. Confinement to bed in 
the supine position, with the arm fn a sling tied to the bead of the 
bed, aids in gradual abduction. Most disabilities of the shoulder feint 
are best immobilized in this position. If caldum deposits are not 
resorbed from the bursa after a few weeks' administration, open 
operation is indicated for the removal of the contents and as roods 
of the thickened bursal wail and underlying periosteum as can be 
exposed in the field. Physical treatment must continue thereafter. 

Of the deeper bursae about the elbotr, the ones under the tendbccs 
insertion of the triceps or within the fibere of this insertion are difficult 
to approach surgically, without some damage to on important muscle 
tendom Not enough fluid collects In these bursae to be successfully 
aspirated. A surrounding fibrosis is the most troublesome feature. 
Radiohumeral bundtis, “epiphysitis” or tennis elbow, characterized 
by severe pain over the outer side of the elbow and a point of tender- 
ness over the external epicondyle, is generally considered as due to 
inflammation of a small bursa lying between the conjoined tendon 
and the radiohumeral joint These have been operated on successfully 
by Osgood, but can, in our experience, be treated successfully by 
complete iramobfllxaUon oi the elbow in semi flexion and with the 
forearm in the midposition between pronatlon and supination. 
athermy is applied dally up to the “toleration" dose. This treatment 
should relieve all symptoms In three to six weeks. Active motion of 
the arm can then be resumed, but violent exercise or the performance 
of the peculiar type of movement originally responsible for the irrita- 
tion should not be repeated Recurrences ore common, and, if ft chronic 
painful stage develops, operative interference should be undertaken. 

Several deep bursae about the hip require physical treatment. 
Bursitis about the great trochanter is easily mistaken for osteo- 
myelitis, tuberculosis of the hip or epiphysitis. Careful diagnosis & 
essential. Splinting, rest in bed and diathermy are successful if treat- 
ment is continued for a long enough period and no suppurative process 
fa present. The lUopectineal and iliopsoas bursae vary In rise ^ 
position. Inflammatory processes here can be mistaken for psoas 
abscess, femoral hernia or coxitis. Aspiration may aid In diagnosis 
and treatment. Physical therapy should be given a prolonged trial 
before operative Intervention. Pathology fn the ischial bursa is easily 
approached surgically and should be dissected out 

Subcutaneous bursae about the bony points of' the feet and ankle 
vary considerably In distribution. Adventitious bursae readily develop 
from constant pressure of shoes upon bony awefling and deformities. 
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the suspicion of malignancy. X-ray should check this possibility iron 
time to time. 

4. Myositis ossificans represents the culmination of a constitutional 
tendency. The connective tissue of Injured or Inflamed muscles, ten- 
dons and fascia progressively changes to bone. The brachlalls anuon 
and other muscles about the elbow, which are commonly affected, 
develop increasing stiffness during a course of physical treatment 
Rest should be immediately substituted for massage and motion, 
which Increases the calcium deposition. Roentgenograms Indicate the 
stage when bone ceases to be deposited and the resulting bone can 
be surgically removed. 

5. Trichinosis should be suspected when myositis becomes more 

acute during treatment and a biopsy on the affected muscle reveal 
the encapsulated larvae. Physical treatment should be replaced by 
anthelmintic management until the acuity passes In the coarse 01 
weeks. , 

6. Syphilis and tuberculosis of muscle tendon and tendon sbeatn 
must constantly be borne In mind, watched for and appropriately 
managed by general antisyphllitic treatment or the adoption of a 
regime for the cure of tuberculosis. 

7. The bite noire of tendon treatment Is fibrosis. Early slight motion 
is infinitely more successful than delayed and more robust treatment. 


BIBLIOGRAPHY 


Alt** r. IL : llyntaarlUi. A patholociml 
explanation c f rneny dlvJalUr mndl- 
tiime, An. J. IMu*. S : 023-032 (Dee.) 
1*31. 

Bablnafcl tod Froment i Robert Joaea* 
Orthopedic Burgary of Injury. London, 
Oxford Medical Pahlleatloni, 3 : 3#o, 
1ML 

Iluanall, S : Dean Lewie' H uig e r y. Ilejrer*- 
tcrwn| d ^ W . T. Prior Company, Ine, 

Ch urchme n. J VT. : I a rt 1c bn mope thy of 
Teroenil, An. J, 1L »*, 118 : .TT1-JOC, 
1919. 

Oodaian, H. A, : On «tUT and palnfal 
■bODwara, Beaton It. * J, J, 164:013- 

020 (Hay) 1BOO. 

Ohn, I.: Coatantaca a*d *rrahm, North- 
wart Med, » 1 101-107 (March) 1*20 
Da wham, H IL U. : Sabdehold bnrnltla : 
A pataoaaoeatmle M*n ror tta raetwnW 
tlca, Bartcm U. 4 l I, liliooi, lCod. 
DeeTtan, Q. B- ; Phyrtcal tberapewtlc treat- 
ment of rnharromlnj hnralda, Phywtcal 
Thernp, 4B.M3 »0 (July) lSk>. 
ntekacm, F. D : Opera tleo for atnbClxtni 
Bo ” * '•« «”»■ 
rwa and Alberti Qnrted I-erleha. 
r ante lne, K- and UDoyrt Itch. D. ■ Centrl- 
b>,tLao 1 retada nxpfrtneatale ,v» trou- 
Un mnewrrteare port-tTanmnrttjae* An 
merahrm. Her. da Chlr . 03 1 JS5-JC0, 

1031. 

TUI! on. Jab a : R ra* and I*atn, London, Ben 
i Snktj, 


W (De*i m' . 

,0 SX^5. : vflf 

yih^ Am. J. Orthap. »>'L 0 1 171 

Kaanrrl, A. U. : Tnberratowteanrt^^ 
of hand. Surf, Oynee. A Otwt, 

OAT (Not.) 1*23. 

KanaTal, A. B-, PoDocfc, U J. t m 

RehaUoo af aym pathetic aerrowW* 
to raoBrte tooe. Area. NeoroL A rajm" 
13 : 107 -23 B. IMS. 


Koch. B. L.: Toot apHat* «f 

treatment of dlanbOItKa «f band, "3) 1 
Gynac. * Obrt, « i 410-418 t***"*' 

1 to. 

Lerlehc, B. : Trattment pa r ** 

twnle perrtmrterletla dca oetrepuij tar* g, 
matlqnaa, Boll et m4rt- *»c- gar 

Parle, ttl : 267 (Feb.) I**®? 
anelqoee me Lid tea trwenrte et VY^tratt- 
d-oriitne mno-maerVe et ^ T*. 
meat. BnlL et »*». Bor. nat. d* ” 

03 : ira (July) 1021 ; utm: Ann. IWI * 
74 . XS3, 1*2JL ^ 

— nnd Po Hoard, A i Laa P r0 S®2n?e»* 

la nhyrtoloale nJrwlt rt P*n“£**^ 
de tan, Pnrla, Uaewn *t O, 10*®- 
Lewia, Dean: InehenJe paraLrala, A*- 
•ax*-, » : 08-013 (May) 

Urtrta, T. : The Blood Veaaeta of 

man *htn and Tbelr Raaponne*. I""" 
Ktnw A Bona, l*Tf. 


yairt ** 



CHAPTER SEVEN 


PERIPHERAL NERVE LESIONS 

Lewis J. Pollock, M.D. 

Injury or di sease of a peripteral nerve produces among other things 
a loss of motion which, if complete, is called paralysis, and if incom- 
plete, paresis. Not all of the loss of motion seen in peripheral nerve 
lesions U the result of the defective conduction of such a nerve. 
Some of it may be the result of local shock, pain, swelling of tissues, 
fractures, dislocations, adhesions, ankylosis, contractures of opposing 
uninjured muscles, spasm, sclerosed fibrous tissue, as In ischemic 
paralysis, tendon and muscle section or loss, and hysteria. 

Examination 

Many of the nerves when injured produce a paralysis of certain 
muscles, which leads to a characteristic deformity. Of such, mention 
may be made of the wrist drop of radial nerve palsy, often associated 
with “tumor of the wrist,” due to distention of the ligaments, pro- 
ducing a protrusion of the proximal metacarpal bone; the position of a 
foot drop in peroneal nerve palsy; the characteristic clawing in ulnar 
nerve palsy; the ape hand in ulnar and median nerve palsy; the 
winged scapula In long thoradc nerve palsy, etc. 

limitation of movement of joints frequently results and the range 
of motility may be determined by a goniometer and measured In 
degrees of a circle, or by tracings obtained from moulds with a flexible 
lead tape (Fig. i), first obtaining a tracing of the position in one 
direction (flexion) and then in the opposite direction (extension). 

When examining for a range of passive movement, attention must 
hegiven to the position of the extremity and its parts; for example, 
flexion of the fingers is more limited with the hand flexed at the wrist 
than extended. Similarly, in combined ulnar or median nerve lesions, 
extension of the fingers will be more limited when the hand is extended 
«t the wrist Dorsal flexion of the foot will be limited with the legs 
extended in peroneal nerve lesions. 

Movements of Segments About Joints. — It Is impossible to exam- 
ine each muscle separately for evidence of paralysis, and we are com- 
pelled to infer its functional capacity by the active movements of 
segments about joints. In such an examination the part of the extrem- 
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Movements of Segments About Joints 

sively moved, active motion may continue the movement, and if a 
position of the extremity is passively imposed, the paretic muscle may 
hold the extremity in this position. 

The amount of weakness may be determined by comparing the 
strength of movement against gravity or interposed resistance, either 
with a dynamometer, or with the un paralysed side or the examiner’s 
resis tan ce. A simple dynamometric method may be employed by inter- 
posing a spring scales between the segment to be examined and the 
examiner’s hand. Each movement about the joint may be so examined 
and recorded. Pronation and circumduction may be investigated by 
fastening a small flat piece of wood in the patient’s hand and inserting 
the hook of the scale in a hole drilled through the wood (Fig. 2). 

Many factors other than paralysis produce loss of function and 
require treatment. Changes in the joints are a very common complica- 
tion of peripheral nerve lesions. They may result from fractures into 
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the joint, dislocations, suppurations of the joint and nearby parts, im- 
mobilization, ischemic contractures, etc. 

Occasionally an early arthritic change, consisting of painful swell- 
ing, is seen which may persist for weeks and be followed by partial 
ankylosis. At other times, gradual retraction of muscle tendons and 
hardening of the capsule of a joint occur. Such changes are more often 
encountered in partial and painful nerve lesions, such as are seen in 
injury of the median and tlblal nerves. Interphalangeal joint changes 
are particularly disabling and care must be exercised to prevent them 
u possible. ’ 

Shortening and contractures of opposing un paralyzed muscles occa- 
sionally occur, at times because of neglect to splint the extremity at 
times because of prolonged over correction, and at times despite rood 
treatment. 6 
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fty proximal to the joint being examined must be Immobilized. For 
example, In testing for extension at the wrist, the forearm shcwld 
be immobilized. Care must be exercised In properly evaluating that 
lass of function which results from the deformity s producing defective 
action of opposing muscles, such as the defective flexion of the fingers 
resulting from the wrist drop of radial nerve palsy. 

The extremity must be placed In such a position that the force of 
gravity will be nullified. An enfeebled muscle may be able to move part 
of an extremity when supported, but not when opposed by gravity; 
as in circumflex nerve injury’, the deltoid muscle may be strong d>c«gb 
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Response to Electrical Stimulation 

Special attention should be directed to the misinterpretation of cer- 
tain movements which are possible, or become so, after certain nerves 
have been injured. Unless one Is familiar with these supplementary or 
trick movements, a completely paralyzed muscle may be thought to 
have recovered function. Such movements result from the anastomotic 
supply of muscles from adjacent nerves, from the action of muscles 
other than those which are primary movers. For example, flexion of the 
wrist may be produced by contraction of the extensor ossis metacarpl 
pollicls, by mo v em ents resulting from mechanical factor* when tendons 
act over several joints. Extension at the wrist may be produced by 
complete flexion of the fingers in radial nerve palsy (Fig. 3); by the 
elastic recoil of movements in the opposite direction, as the extension 
of the distal phalanx of the thumb following flexion; and by gravity. 

Response to Electrical Stimulation. — The response of muscles to 
electrical stimulation often gives indication of the state of recovery, 
or function. Normal muscles and nerves react to electrical stimulation 
in a characteristic manner. The make or break shock of a galvanic 
current produces a rapid, lightning-like twitch of the stimulated 
muscle, and faradization produces a tetanus. The muscles react to the 
stimulation of the negative and positive poles in a constant manner 
and a formula of polar contraction may be expressed as follows: (K. 
C. C.) Kathodal closing contraction is greater than (A. C. C.). Anodal 
closing contraction Is greater than (A. 0. C.). Anodal opening con- 
traction is greater than (K. O. C.) (K. C. C. > A. C. C. > A. 0. C. > 
K. 0. C.) 

Ten to fourteen days following injury to a peripheral nerve certain 
changes occur in the reaction to electrical stimulation which, grouped 
together, constitute the reaction of degeneration (D. R-). These 
changes may be described as quantitative, qualitative, modal and 
polar. The excitability of the nerve to faradic and galvanic stimulation 
is lost. The musde loses its irritability to the faradic current (qualita- 
tive). In the early stages, for about two weeks, the musde is hyper- 
exdtable to the galvanic current, but later becomes less and less excit- 
able (quantitative). The character of the response changes from a 
rapid twitch to a slow vermicular contraction (modal). The polar 
formula Is reversed, the A. C. C. being greater than the K. C. C. The 
most valuable and most constant of these signs is the slow contraction 
of the musde. 

Because of the diffusion into un paralyzed musdes when a unipolar 
method of stimulation is used, the bipolar method, wherein both poles 
are placed upon the musde being examined, is preferable. The 
extremity to be examined must be relaxed and the segments about 
joints must be so supported that the musdes are not required to act 
against the power of gravity. Supplementary movements may be pro- 
ouced by electrical stimulation and one must be alert to recognize 
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. Atrophy is a common accompaniment of paralysis of a muscle re- 
sulting from peripheral nerve lesions. Study of the amount of tissue 
loss following such lesions shows that the eases carefully treated by 
physical therapy have far less loss of volume of the tissues of an ex- 
tremity than do the untreated cases. 
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Splint* to Prevent Deformity 

Where a primary or secondary suture la Indicated immediately, 
physiotherapeutic treatment must assist the operative procedure. 
When it is felt advisable to defer the operative procedure, physical 
therapy must be initiated promptly to the end that when the nerve re- 
generates it will activate a mechanism capable of adequate movement. 

The above indications are met by treatment with splinting to prevent 
overstretching of paralyzed or weak muscles; massage to improve the 
nutrition of the parts, to prevent adhesions of scar* and fibrosis and to 
conserve the bulk of the muscle; passive movements to prevent de- 
formity from shortening, interphalangeal fibrosis, ankylosis of joints; 
active exercise to conserve the unparalyzed muscles, to stimulate circu- 
lation, to educate synergistic muscles to assume the function of par- 
alyzed muscles; electrotherapy to conserve the vitality, prevent com- 
plete atonia, and Increase the contractility of paralyzed muscles, and 
hydrotherapy and thermotherapy to assist In nutritional conservation 
and to facilitate other methods of treatment 

In cases treated some time after injury, splinting and the other pro- 
cedures are indicated to correct deformities, as well a* to restore 
function. Here passive movements must include stretching of shortened 
muscles and tendons, and mechanical devices constructed to assist in 
this function. Corrective exercises and occupational therapy play a 
large part In the correction of such deformities. 

Splints to Prevent Deformity. — The purpose of the splint is to put 
the paralyzed muscle at rest and prevent overstretching of the muscle, 
and to resist spasm of the opposing muscle. Each splint must be devised 
for a particular patient because the mechanism of the joints over 
vrbich the paralyzed muscles act differs in each Individual. The splint 
should be light, simple, easily applied and removed, inexpensive, and 
as Inconspicuous as possible. The material from which splint* are con- 
structed differs in the hands of various workers. In general, the splints 
used by the British and French during the World War were far more 
complicated than those used in America. Aluminum Is a satisfactory 
metal to work with. It is light, and when necessary, small adjustments 
may easily be made in the shape and other characters of the splint, as 
indicated. 

Following a primary or secondary suture, particularly the latter, 
where It is often necessary to place the extremity In an abnormal 
position to permit of approximation of the severed ends of the nerves, 
a plaster of paris cast or splint must be applied for a period of two 
*eeks. Following this a removable splint should be applied. Starched 
crinoline may be used In preference to plaster of paris, as it Is much 
lighter and therefore much more comfortable. 

It Is Important to note the danger of applying a splint and regarding 
this as the only Indicated treatment. Many patients have been incapaci- 
tated by the fibrosis which has resulted from the prolonged and 
uninterrupted use of splints. So much is this the case that In many 
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Electrical examination likewise Is often valuable to differentiate loss 
of motion due to severed tendons from paralysis. In the former, gal' 
vanlc stimulation, followed by a good contraction In the 
to produce a movement of that segment to which the tendon ta 
attached. , . ,, •« 

An electric stimulus must reach a certain Intensity before it wm 
result In the contraction of n muscle. This minimal current, however, 
must be prolonged for a certain length of time to produce a r^raae. 
At “Infinite duration" there Is a minimum strength below wnicai 
contractions occur (rheohaslc voltage). As the duration Is decrease:, 
the strength must be Increased until a point is reached where, no mat- 
ter how strong the current, no contractions follow. Twice the minJ^ 
current which will produce a contraction In unlimited time has 
designated empirically os the chronaxia ol the tissue. The chrmvma 
a human muscle with an intact nerve supply has been four*! o 
0.00016, whereas that of one whose muscle has degenerated c acoc 
ox>i. It was hoped that measurements of the chronaxia would h*. 
accurate Information of diagnostic and prognostic value in 
nerve injuries. Although they have served to give precise measa 
ment of the functional value of nerves and muscles In 
because of the Inaccessibility of accurate Instruments and tnemu 
liability of certain others, few data are available which 
critical Judgment of their clinical value. Measurements by 
denser system of Lewis Jones have failed to impress the America 
investigators with their reliability. More accurate methods, such as 1 
Lucas pendulum, Lapicque’s chronaximeter, Strohl’s ergometer a 
Sachs' and Malone’s chronomyometer have appeared to give . 
Information In their several investigators’ hands. It Is possible ids 
they may lead to profitable clinical investigations in the future. 

Indications joh Tbkatuent 

Physical therapy methods hold the first place in the treatment of 
peripheral nerve lesions. Following a peripheral nerve lesion, the ob- 
jects to be attained differ somewhat under various conditions. 1 
primary suture is possible, or if the patient Is brought for treatment 
socm after tnjury where an operation is not Indicated, we aim to pre- 
vent deformities and to restore function. When some time has elapsed 
after Injury, and a secondary suture or neurolysis is necessary, the 
aim Is to correct deformities and restore function. The same Is true in 
similar cases not requiring operation. 

Operative procedures of suture and neurolysis will not serve to 
restore function. They only make it possible for the nerves to regener- 
ate. It Is conceivable that perfect regeneration might occur in the nave 
end an extremity be functlonless, because ol interphalangeal fibrosis, 
retraction of capsular ligaments, marked atrophy and fibrosis of nuts- 
del, shortening of muscle*, spnim* of muscles and ankylosed Join**- 
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Instances of long delayed restoration of function it was possible to 
envisage the character of the splint which had been used by the posi- 
tion of the extremity. For example, the Ill-advised use of a cock-up 
splint often caused fibrosis and shortening of the extensors, and anky- 
losis was present at the wrist It is equally important that one should 
not apply a splint devised for one nerve lesion upon an extremity in 
which a totally different nerve is paralyzed; for example, a cock-up 
splint should not be applied in the case of a median nerve lesion. 

The application of a splint should not blind us to the necessity of 
other treatment, and It Is imperative that electrotherapy, massage, 
passive movement, etc., be continued throughout the time of immobil- 
ization. Although some clinicians believe that no adhesions will form 
if a splint is applied so that only relaxation is obtained and not over- 
relaxation, this has not been my experience. Not only must joints not 
concerned with the movements of the paralyzed muscles be moved 
daily, but when supported the Involved joints must be moved. Cer- 
tainly no harm can occur from gentle, passive movements sufficient 
to produce movement but not overstretching. It is well not to produce 
overcorrection. A position midway between the extent of movement 
in the opposite direction is by far preferable in most muscles. Only 
slight extension at the wrist Is sufficient to produce rest of the par- 
alyzed and atonic extensor muscles of the wrist. Each individual nerve 
injury' has some general indication which should guide us in the con- 
sideration of the splint Such splints can be better illustrated than 
described, and the general indications will be discussed and the types 
of splints illustrated. 


Cm cum flex Nerve. — Injury to this nerve produces a paralysis of 
the deltoid. The patient is unable to abduct the arm, and the weight 
of the unsupported arm often results in a subluxation of the head of 
the humerus and at least a marked stretching of the capsular ligament 
The indications are to keep the arm abducted and partly externally 
rotated. The abduction should not be beyond 6o°. The forearm should 
be flexed and held in moderate supination. Such a splint may likewise 
be used in upper brachial plexus Injuries (Figs. 4, 5). 


Ulnar Nerve. — Paralysis of the ulnar nerve Is easily recognized by 
the appearance of the hand, with clawing of the little and ring fingers 
Inability to grasp objects between the thumb and forefinger because 
of paralysis of the adductor pollicis, aod Inability to make a cone of 
the hand by approximating the Ups of the fingers and thumb because 
0! paralysis of the Interossd. Lateral movement of the fingers Is 
Posrible only through supplementary movement, and the patient is 
unable to innervate the muscles of the bypothenar eminence (FIjl 
A lthough many devices have been constructed for the treatment of 
ulnar nerve lesions, in general, the majority of cases recover mnr, 
comedy without th* u* of th« ££ 
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little and ring fingers may be applied, as illustrated. Extension of the 
distal phalanges of the little and ring fingers may be defective because 
of overextension of the proximal phalanges, and a device which pre- 
vents these phalanges from overextending is useful in recovering 
lesions. A narrow strip of metal running diagonally across the palm 
from the base of the third to the base of tbe little finger, then bent to 
continue in the opposite direction over the backs of the proximal 
phalanges of the little, ring and middle fingers, is often serviceable 
(Fig. 7). 
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Median NatvE^Paralysls due to a lesion of the median nerve pro- 
duces an inability to appose the thumb to the little finger, to abduct 
the thumb at right angles to the palm, to flex tbe index finger as in 
making a fist or clasping the hands, and to flex the distal phalanx of 
the thumb (Fig. 8). 

For the most part, what is true of the ulnar is likewise true of the 
median nerve. There is but little clawing of the Index or middle finger 
and flexor contracture of the index finger does not occur. Tbe only 
troublesome complication is a shortening of the adductor of the thumb, 
and at times it Is necessary to hold the thumb in abduction at a rigbt 
angle to the palm. A light, hollow aluminum ball between the index 
finger and thumb with the fingers semiflexed assists. A hollow cylinder 
will serve the same purpose. Occasionally an apparatus, which, by 
means of a spring, supplants the abduction of the thumb, may be serv- 
iceable, although in general springs are unsatisfactory. 

Combined Ulnae and Median Neeve Lesions. — Combined ulnar 
and median nerve lesions, when complete, produce Inability to perform 
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interfere with the motility of unparnlyzed muscles which sufha 
move nil of the segments about the joints of the hand. The only 
nbling complication which follow’s ulnar nerve lesions is clawing of 
little or little and ring fingers. Passive movement commonly suffice 
prevent this. When it nppears that clawing will result from overac 
of the extensor communis dlgitoruni, n simple posterior splint foe 
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any flexor movements of the fingers or hand. Under such a condition, a 
simple anterior splint supporting the hand in a slightly flexed position 
suffices. Clawing occurs In all the fingers and counter-pressure should 
be exerted against the backs of the proximal phalanges. The thumb 
should be fixed in a position of abduction at right angles to the plane 
of the palm (Fig. 9). 

Partial lesions of these two nerves are particularly liable to be com- 
plicated by adhesions, shortening and deformity, and require much 
more attention than complete lesions. 
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Radial Nekvx. — The indications in cases of paralysis due to a 
lesion of the radial nerve are to extend the wrist and the proximal 
phalanges of the fingers and thumb in a plane with the palm (Fig. 10). 
The following splint, as described by Buerki and used in the United 
States Army, is very satisfactory. 

“Spring steel wire covered with rubber tubing at all points of pres- 
sure and properly bent has been found to make a light and comforta- 
ble splint. It will meet the requirements and overcome some of the 
objections of other types. This splint is made from a piece of No. 11 
spring steel wire 35 inches long. 

“It is best to start bending the splint on the ulnar side of the arm. 
Nine inches from the end, the wire is bent upward to form an angle 
of 140°. From this point the wire extends forward to the junction of 
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patient from the sharp ends. The palmar arch support is made from 
No. 20 spring steel wire, covered with rubber tubing, and is attached 
to the splint by adhesive plaster. The ends are one inch long and are 
bent In opposite directions from each other to increase the stability of 
the palmar attachment. The wire first extends downward away from 
the splint for an Inch cm each side, and then by a slow curve extends 
upward to support the palmar arch. A piece of adhesive plaster Is now 
placed on the splint just above the wrist, and folded on itself so that 
all of the sticking surface is covered. Finally, the canvas band is 
slipped over the ends coming in contact with the flexor surface of the 
forearm. This splint can be made in fifteen minutes. It is applied 
without bandages, and can be readily removed or put on by the patient 
without assistance.” (Sec Fig. u.) 

Musculocutaneous Nerve Lesions. — Stookey has described a 
simple and efficient apparatus which may be used to aid in the treat- 
ment of lesions of this nerve. The Important muscle which is paralyzed 
is the biceps. Fortunately, there is little or no likelihood of over- 
stretching the biceps or of markedly shortening the triceps because 
of the mechanics of the elbow joint and the fact that other unaffected 
muscles act upon both the shoulder and elbow joints. However, at 
night a mechanical support which keeps the forearm flexed with the 
hand in full supination should be worn. Stookey'fl apparatus consists 
of a broad leather cuff attached to the wrist and dorsum of the hand. 
The wristband has a metal plate which is shaped to fit the dorsum of 
the hand and wrist. Supination is maintained by a strap fastened to 
the wristband over the volar surface of the radius, which passes out- 
ward and under the wrist. This strap is then fastened to a collar piece 
by a pin or snap. 

Brachial Plexus Lesions. — Of all the peripheral nerve lesions, 
DODe require more constant and efficient mechanical treatment than 
those of the brachial plexus. 

As has been pointed out previously, in general, lesions above the 
clavicle are injuries of the roots and primary cords, whereas those 
below the clavicle or in the axilla include the secondary cords and 
nerve trunks. These latter are frequently accompanied by injuries of 
the axillary blood vessels. There are two general types of injuries: the 
Erb-Dnchenne or upper root group, which Involves the fifth and sixth 
cervical roots, and the lower root group, or the Klumpke-D^jerine 
type, which involves the seventh and eighth cervical and first thoracic 
roots. In the former, the resulting paralysis is extensive and involves 
the muscles of the shoulder girdle and hack as well as muscles of the 
arm and forearm. In the KIumpke-D^Jerine type the paralysis is 
essentially of the ulnar side of the forearm and all of the muscles of 
the hand (Fig. ill 
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the proximal and middle phalanges of the little finger, where ft is bent 
at a right angle in the same plane. Three-fourths of an inch from here 
it again receives a right angle bend, but this occur* In a plane at right 
angles to the previous one. This bend causes the wire to run across 
the palmar surface of the fingers, and thereby extends the prccdnul 
phalanges on the metacarpal bones. A right angle bend In the sxroe 
plane at the outer side of the first finger, and another bend three- 
fourths of on inch farther on in a plane nt right angle* to it, complete 
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nerve high in its course. The branches to the semitendinosus and long 
head of the biceps are given off at the level of the ischial tuberosities 
and consequently these muscles are spared. The semitendinosus alone 
is able to perform the functions of the hamstring muscles to a high 
degree. It a also able to supplement the action of the gastrocnemius 
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in flexing the leg upon the thigh. However, all the muscles below the 
knee are paralyzed and the leg is flaccid, while the foot is dropped 
and In a valgus position. It Is necessary to stabilize the leg and foot 
to correct the equinovalgtis deformity and to overcome faulty devia- 
tion of the body weight (Fig. 13 ). 

The most effective and comfortable splint Is one based upon the 
Thomas caliper type. It is light, comfortable and efficient. It should 
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In those lesions In which the muscles of the back (serratus magma, 
rhomboids, levator scapulae) are Involved, the deformity Is extensive. 
The compensatory movements of the scapula arc diminished ot 
absent The action of the serratus magnus in fixing the scapula so 
that the deltoid may act Is gone and this must be kept In mind in 
devising mechanical support The arm lies adducted with Inward 
rotation. The humerus may soon subluxatc and in old neglected cases 
may be dislocated completely. The coracoid process becomes promi- 
nent and the forearm Is held In semipro nation. Decause the entire 
extremity is rotated inward the palm of the hand may face backward. 
Left alone without mechanical support these lesions are followed by 
permanent and Irreparable deformity. 

A splint must be designed to relax the deltoid and the suprasplnatns 
muscles and at the same time hold the arm In external rotation. The 
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^ ab ductIon, preferably ot an angle of about 60°, 

up0n 1116 a ™ “d held In nxxferate suplnadou. 
Stookey has described a satisfactory splint for these cases. It Is mod' 

n ta Tir ^, 01 a «*«. Z adjustaSHnn and a fo»«® 
SfTeid^ P b UBe ' d adjusted to various angles 

of parai^U^sInrfbIj^\hit^^^ T1 Pk^‘P^jerine f or ^^a^/^rnerve 
lesions. A slight stralght^uSTo^ ,? >mb ? 

with grooves for each of** eZ.^ ^ !ur , fa “ °i ^ ^ IS 
^^boufd be pfaced so 
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Splints to Prevent Deformity 

side of the foot. This will correct the varus deformity. The ankle joint 
may be supported If necessary by a leather reinforcement sewed to 
the shoe. The flat foot may be corrected by an Inside plate which 
should be made to fit individually by molding plaster casts of the foot 
deformity. The principal aim must be to correct all the deformities 
and to prevent those which may result from the improper distribution 
of weight bearing. The patient should be cautioned never to walk 
without proper support of his foot- A rubber band or metal spring may 
be attached to the shoe and the upright to aid in replacing the lost 
action of the extensors. 
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An adequate splint for the foot drop of peroneal nerve lesions was 
used In the United States Army. It had the advantage of simplicity, 
lightness, and relative service. As described by BuerkI, it is made of 
two pieces of wire weighing but two and one-third ounces. It is service- 
able because It not only bolds the foot well extended at all times, but it 
also aids in walking, as it gives the foot the normal flexibility which Is 
lacking in nil of these cases. Pieces of bronzed spring steel wire, 35 
Inches long, have loops three-fourths of an Inch long bent on each end 
In opposite directions (Fig. 16, DIag. 1). The lower loop is for aid In 
attaching a wire around the shoes, while that at the top protects the 
clothing from the sharp wire. To give the splint flexibility, the wire 
has a one-and-three-quarters turn coil three-fourths inch In diameter 
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be *> arranged vrith a epring toft at A* 

oatlent is fitting the knee may be flexed to an angle ol 45 

SST koufd Send irom the heel to the W 

and should be attached to the upright so that the foot is 

flexion. The heel of the shoe should be raised on *e haw. •* 

the shoe reenforced there so that the va ’gf u f ' e, vu^d.ht uoon the 
reeled and the patient, at the same time, iril i bear & lew j 
outer side of the foot when he walks. Thb wHI : aid to™™* 
arches which naturally accompany these lesions, 
splint is shown in Figure 14 . 

Peroneal Nerve Lesions. — The deformity in these 
foot drop and a varus deformity due to complete parai> 



anterior and lateral muscles of the leg. The os calds is raised COJ ^ t 
erably because of the unapposed action of the gastrocnemius. 
foot occurs because of the lack of support to the arches by ^ 
of the peroneal group and extensors attached to the inner side °V. 
foot. A very serious disability in walking exists because of the over 
action necessary to keep the toe from scraping the ground (FiS* 

It Is necessary to splint these patients for more than a toe drop- 
A light Iron strip on the Inner fide of the leg attached to the shoe w m 
a stop lock will prevent a foot drop. It should be so attached that 
rabes the foot in dorslflexion. The iron itrip is attached above to 
leather band about the leg. The leg should be elevated on the c* 1 
side from the heel to the toe to deviate the body weight to the 
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Splints to Prevent Deformity 

should have a atop lock which will prevent dorslflexion to more than 
a right angle. The inner border of the sole and heel should be so raised 
as to deviate the body weight to the outer side and to correct the val- 
gus position. As in the case of the peroneal deformities, an inside plate 
fitted individually should be worn to support the weakened arches. 

The splints for these last two types of deformities cannot be worn 
at night, but tbeir main action should be replaced by canvas appliances 
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which will effectively prevent overstretching of the paralyzed muscles. 
Without the use of these nocturnal supports all that has been accom- 
plished during tbe day may be easily undone. 

Femoral Nerve Lesions.— As has been stated, lesions of this nerve 
are accompanied commonly by injuries to the pelvic vessels and 
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bent Into it six inches from the lower end (Fig. 16, Ding. a). This rail 
when in place is directly opposite the junction of the sole and bed of 
the shoe. Two wires, bent as described above, arc held in place, one at 
each side of the shoe, by four pieces of fine piano wire, one piece 
under the instep, another around the heel at the junction of the upper 
and the heel, the third under the sole connecting the lower extremf- 
ties of the wire, and the fourth around the toe between the sdt and 
the upper. The last piece binds the splint permanently to the shoe. 
It Is best to apply the wires in the above order (Diag. 3). The splat 
is completed by a piece of double-ply canvas six inches wide and fetr 
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w!^ 1 T n 5l»5 D n b v d together by five rivets placed as shown (Diag. 4 )* 
Rivets 1 and II keep the splint from slipping through the canvas. 

““ “PP“ '"d of the splint, around the M 
ipd the whole Is held in place ^ a lsgring. The splint la>U 


from two to three months. 


N .^ifL I0Na — Tb ' deformities present in these cns« are 
practically the opposite of those described as thensult at injur!” 
the pwooeal nerve lesion,. The unoppo*? aStaTof the peron^ 
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may become so stretched that an eversion of the lower eyelid may 
occur (Fig. 18 ). 

The simplest type of support consists of two adhesive straps. The 
point of pull should be attached to the temporal area and the support- 
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ng strain should be attached to the skin about the upper aud lower 
h[*. The ends ot the two straps may be attached by a rubber band so 
that an elastic pull upward Is maintained. This support must be worn 
constantly. It Is simple and is easily detached during massage elecko- 
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viscera. Consequently, one Is not called upon frequently to provide 
mechanical support following tuch a lesion. However, the quadriceps 
femorla, sartorius und pcctlncus muscles arc paralysed and there is 
an inability to extend the leg upon the thigh. A patient with a fenwnl 
nerve lesion Is unable to stand upon his leg unless the knee Is in o- 
treme extension. The knee joint soon becomes so unstable that it may 
suddenly flex and allow the patient to fall. When walking, the patient 
usually bend* forward nnd places his hand on the thigh to keep the 
knee joint securely extended. The tensor fasciae latae may act to had 
the joint in fixed extension and then the patient assumes a » winging 
gait. In old neglected cases a genu rccurvatum may develop (Fig. i?)- 
Mechanical treatment must provide stability to the knee jototwa 
yet prevent hyperextension. A Thomas caliper splint with a spring 
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l«k which aUow, o flexion of the knee only while sitting is 0* 
effiem t type of epllnt. A broad band in the popliteal space will pre- 
vent hyperexterunon and the occurrence of geShrecurvatum. 

r must be prt*^ 

W after interruption of tMr n«ve 

,U5 L?, 0U T ouad «- The mechanical support of tl*» 
muscles contributes rtemendously to the recovery of their action at « 
n nerve supply has been reestablished. Id negated cases the musd° 
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jctvc the functional capacity of paralyzed muscles until sufficient 
nerve regeneration has taken place to permit of active motion. 

The efficacy of this type of treatment has been called into question 
on a number of occasions. Although since the days of Duchenne 
neurologists have universally agreed that electrotherapy is of service 
in the return of function of muscles paralyzed as the result 

of lesions of the lower motor neuron, some physiologists have decried 
Its usefulness (Langley). On the other hand, many physiologists have 
determined upon the basis of experimental studies that there is a sound 
foundation for the belief that electrotherapy is serviceable in the treat- 
ment of peripheral nerve lesions. Not only have most of the workers 
found decreased atrophy in treated cases, but recently Piontkovskdy 
has shown that a more advanced type of regeneration of the nerve 
occurs when the denervated extremity fa treated by electrotherapy. 

Mode of Action. — It Ls necessary to understand clearly the mode 
of action of treatment by electricity. It is not concerned with any 
mysterious force acting directly upon the factors influencing recovery 
of a nerve or muscle. Stimulation by an electric current of sufficient 
strength produces a contraction of the muscle. It is this active con- 
traction of the muscle which conserves its bulk and nutrition and 
keeps the muscle fibers functionally adequate for voluntary movement 
when regeneration has progressed sufficiently. In cases sudi as facial 
nerve paralysis, contractures are diminished and associated movements 
so often of disfiguring and annoying consequence likewise are pre- 
vented. The only requirement of electrotherapy is that it shall produce 
a contraction of the paralyzed muscle. Obviously, this cannot be 
brought about by stimulation with the faradic current, as the duration 
of each shock is too short in relation to the changed chronaxia of the 
nerve and muscle. Galvanic current must, therefore, be used. It may be 
used in its simple form of a continuous current, or in the form of 
sinusoidal currents of various types of waves. 

It has been proposed that the continuous current which at the make 
or break produces a sharp, shock-like contraction is of little value as 
it does not resemble a normal contraction of the muscle, which It is 
said is imitated by the contraction ensuing as the result of stimulation 
by the sinusoidal current Of course, the criticism that it acts only 
locally may be met by the statement that larger electrodes should be 
used. That muscles contract slowly in their normal state has never 
been shown to be the case by physiologists. The twitch contraction due 
to electrical stimulation is thought to be analogous to the phasic con- 
traction of all skeletal muscles. It may, I believe, he accepted as a 
fact that the contraction of a muscle resulting from stimulation by 
galvanic continuous current is as useful as that produced by anv other 
type of galvanic current. The rapidity of the contractions can produce 
no harm after the second week following injury or surgical procedures 
and during the first two weeks the muscles should be kept practically 
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therapy and active exercises which arc practiced by the patted 
(Fig. 19). 

Corrective Spllr.tlng.-men, became o( fl { ir ^ 5 ?' 
joints, or because of spasms or contractures ^ Tie 

have taken place, the problem ol splinting is a very d Jnd (0 

Indications are to lengthen the shortened nm*J“ 1 ^ the dor 

mobilise the joints. The splints are devised, b 

of exerting elastic tension upon the “S 1 ™? 1 ,° f “ JrJ, ' So-caM 
alternating directions for certain periods during the y. 
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Addle splints, by means of which traction may be applied In cln ^ t(ctl . 
tlon and easily reversed, have been roost useful To overcome ^blcb 
Jog of muscles, elastic tension fs applied to segments of Joints tc>^ 
they are attached in an opposite direction. A simple method ot ‘Wj q[ 
enlng the Iumbricales is shown in DuW’s apparatus (Fig. lD h 
the flexors of the thumb and fingers, in Cunfo’s splint (Fig. 3I ) - 

Electrotherapy. — Tbe IndlcaUcms for dectrotberapy are : to P* 
vent atrophy’ of muscles and fibrosis to Increase nutrition and to 
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a movement with the extremity in a position of foot drop, but if the 
patient rests the leg on a board at the outer surface, dorsal flexion may 
occur. The patient’s extremities must be folly supported and the seg- 
ments about joints so supported that movement is not impeded by 
gravity. 

Valui or Contractions. — Contractions of muscles produced by 
electric stimulation are a valuable adjunct to reeducation and active 
motion. Although the patient may not be able to produce extension 
at the wrist voluntarily, the hand may be held in this position after 
electrically produced extension has occurred. A voluntary contraction 
of a muscle may be possible after it has been produced by electrical 
stimulation, and the patient should be required to attempt such a 
movement during the period of treatment. Of course, one should 
always Veep In mind the law of regeneration. When it Is remembered 
that the extent of regeneration of the nerve after section and suture 
is one millimeter a day, it is futile to have the patient attempt active 
movement before the fourth month in such cases. In severe compres- 
sions In which recovery is taking place without operation but which are 
associated with complete degeneration of the distal segment, the same 
conditions hold true. Care must be exercised in treating areas of skin in 
which sensation has been destroyed, as burns are readily formed, and 
ulceration, once occurring, is difficult to heal. 

When the nerve and muscle have recovered sufficiently to contract 
to faradic stimulation, both forms are advisable, the latter to produce 
more prolonged or tetanic contractions. An apparatus which permits 
of stimulation by gradual increase and diminution of current, such as 
is possfble with one Bristow coil, is valuable as It Is less painful. Here 
again it is necessary to state that daring the period of severe degen- 
eration the faradic current will not produce a contraction of the 
muscle, and no contraction means no treatment. 

Sinusoidal current and other forms of wave currents have only the 
advantage of relative painlessness. There is a seeming advantage In 
the fact that at times a larger electrode is used and rhythmic con- 
tractions ore produced in large muscle groups. This is a disadvantage 
and rare should be exercised to stimulate only the paretic muscles. 

Passive Movement — As Langley has pointed out, intermittent 
passive or active stretching forces lymph, and so presumably metabolic 
products, from the muscles. This, of course, should be an advantage. 
Moreover, such active or passive movements have a distinct influence 
on the formation of connective tissue. It is said that there is a visible 
increase of connective tissue In microscopic preparations of a muscle 
three weeks after section of its nerve. Part of tbe last contractures 
may be due to the shrinkage of this newly formed tissue which is soft 
and extensible. Active or passive movements of the denervated muscles 
will stretch the developing fibers so that when they do shrink there 
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at rest, as they arc fragile and are cosily bruised. After this period 
sudden contractions ore just as useful os slow ones. The force of the 
contraction can, of course, be modified by the strength of the current. 
Galvanlc continuous stimulation is often painful; therefore, other 
types of waves are useful as they ore relatively painless and can be 
used to advantage In children and sensitive patients. It Is necessary 
to remember that the contraction of a muscle occurs only upon making 
and breaking the current Therefore, It is needless to treat the muscle 
by prolonged stimulation and the current should be applied with very 
short makes and immediate breaks of the current by using a suitable 
electrode. 

TTie stimulation may be obtained by using bipolar or unipolar 
methods. In the former both poles are applied to the muscle which ii 
Is desired to stimulate. In the latter an Indifferent electrode of a large 
size xs placed elsewhere upon the body, ns described under electro- 
diagnosis. During the first few months following injury, while the 
“ ^ pyperlrri table, and an Increase of direct myotatfc Irri- 
tability may be demonstrated by percussion, unipolar stimulation will 
produce contraction in the muscles most affected by the weakest cur- 
rents, because of longitudinal stimulation. Care must be exercised, 
t0 ? r 3 dl * e to ° great fatigue in these muscles. One must 
deferW 61 ? 5* * flCt 111X11 to many cases deep muscle sense b 

faSS* Aft* ,P Uent 15 ““able to tell when the muscles are 
& ? t ., few months, the muscles most affected become 
of niirmt tr. ? 5tirau J A ti° n and unipolar stimulation produces a spread 
mu5des > which may alone contract, to the 
X^A cW EHSL At ^ Umc bipolar sLuUUon is of greater 
sary to oroducp ?? anat °my and function of muscles is rteces- 

hS mSdS. Tt!?' benefiL Particularly is this true of the small 
to 83 ncrv e itself b not Irritable to stlmuU- 

m^d« wTSL*' T? ° 0t ** VP** the motor points of the 

of ««UPP« motor neuron. How- 
Ai though Dolar fnv ma ? r Contrac t more readily at these points. 

the active dectaodi ifj P Mi| J v ? P° le <* ould ^ Usrf 

ercreied to prcvent t 5?fcJL 0l , ,Ile I? ral y 1 «l mosdes, care most he 
tractlng musdea, not only S niJ£r? t J',. fro , m Bctfag agEln5t 
segments around the Joints w the detection of movement 

the extensors of the wrist no movc^ pI f Vent fatigue. Upon stlmulatfjj 
dependent, whereas if It Is be if the wrist h> b£ d 

extension may take place. ThVZ^” UPOn a board at Its ulnar b 0 ,*! 

ine extensor, of the foot may not produce 
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tion of the extremity which Is maintained by a splint should be held 
throughout the treatment. There never should be stretching upon 
the denervated muscles. Massage is begun with a period of rhythmic 
superficial stroking to obtain further relaxation. This may be given 
in either direction, whichever is more pleasing to the patient, and the 
pressure must be so gentle that even centrifugal stroking will not inter- 
fere with the circulation. Following this gentle stroking, all of the mus- 
cles of the extremity should be massaged with a centripetal motion to 
increase the venous and lymphatic circulation. More pressure should 
be used than previously but care should be taken not to injure the para- 
lyzed muscles by compressing them against the bones. This may be 
increased gradually until the massage consists of a gentle kneading. 

If superficial scar tissue is present, friction massage should be used. 
This is obtained by pressing deeply and moving the hand in a circular 
direction. The outer tissues should be moved over the underlying 
structures with a minimum of movement on the surface. If the scar 
is dry, a lubricant may be used at the end of the friction massage, 
but its use in the beginning makes deep friction impossible. If adhe- 
sions and contractures are present, they must be stretched slowly and 
gradually. Stretching most not be carried to the point where it causes 
pain or tenderness following the treatment and the movement of re- 
turning to the original position must be made a 6 slowly and as carefully 
as the stretching movement. Gentle kneading of the contracted muscles 
and friction over the ankylosed joints may be performed during this 
procedure. 

Refducation, — Tbe indications are to train the patient to repro- 
duce voluntarily the movement which has just been provoked elec- 
trically or by passive movement. This is the most important part of 
physical therapy, particularly because not only motor regeneration 
must be complete but sensory regeneration as well, in order to effect 
accurate movement A certain type of deep sensibility that deals with 
joint sense is among the last to recover, and often never recovers 
completely. An ataxia results, even If motor regeneration is perfect. 
It is necessary, therefore, to treat this ataxia by reeducation. 

Tbe extremity of tbe patient must be so supported that the force 
of gravity does not act against tbe contraction of tbe muscle. At times 
it Is advisable to have the extremity supported by a sling, or a freely 
swinging board suspended by spiral springs and counterweigh ted so 
that tbe least amount of power is necessary to produce movement. 
Exercises may be performed to great advantage with the extremity 
immersed in water. Finally, tbe extremity may be placed upon a 
powdered board so tilted that tbe above indications are met. The 
patient is directed to perform a movement, and at tbe same moment 
tbe operator slowly, passively performs the movement. As each normal 
movement is attempted, the patient may be directed to perform the 
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may be less tendency to a contracture. The cut ends of a nerve tray 
become rather fixed to the surrounding connective tissue so that recre- 
ments may cause a greater pull upon the nerve. Hcmevtr, Un|Jey 
has shown that In this presuture period the tension so placed upon t 
nerve is not sufficient to cause a rupture of the degenerating fibd. 
In many operations It Is necessary to fix the limb in a flexed posttion 
to permit the cut ends of the nerve to be brought into end-to-end 
apposition. In such instances passive movements designed to bring tie 
limb into it* normal position may be begun about two weeks after the 
suture has been made. Mnier and Lewis have shown experimentally 
that the tensile strength of a suture line is as great at the end of that 
time os it is weeks later. This I* an Important fact which allowi 
passive and active movements to be instituted before formidable 
ankyloses and contractures have occurred. 

Passive exercises may be carried out very well in conjunction with 
massage. They help to stretch contracture* which have already 
occurred and to prevent those which invariably occur In a denervated 
muscle. They also Increase the range of motion In an already stiffaim 
joint and help to keep a mobile Joint active so that when tbe time 
come it is ready to perform Its part in an effector mechanism. Finally, 
such movements help to reeducate the muscles in performing normal 
movements. These exercises should be carried out slowly and genuy 
and never with quick, Jerky movements. Each separate passive ex- 
cise should be individualized and the patient should be required to 
make the attempt to perform the movement simultaneously or to at- 
tempt to bdd the part In the position Imposed upon it 
In many Instances active exercises may be employed to great wKsn- 
For example, a median or ulnar nerve lesion at the wrist does 
S’* „ taction of tie long flexor muscles of tie finger *“> 

the wrist. Unfortunately, it lx common to find the phalangeal and 
carpal Joints ankylosed or the muscles atrophied simply from disuse. 
Ax Kanavef tax pointed out, in practically every fflxe of Joint or 
^ 5de ‘ n J ur * P“lw motion of the Injured part will tie bdp of 
the sound member, combined with voluntary aadsa, will •«*>- 
fh £‘J i jr 1 towardj *0 restoration of fraction if tbe patient to 
sufficient intelligence and energy. 

httgun tie part should be exposed In 
bcat r J.° tyorty tothirty minutes to obtain ax much relaxad* ffl 
^tafa-red light, hot packs or x whirlpool 
bath ° f w* 1 ™ me all useful but should be used with extreme 

because the motion of the wato 25 WhirI P ooi , bath 15 
pleasing to tbe patient X ***“?' m *“ ag ' W 

Before beginning massage the ettipmi'fum t ^( n com- 

fortnble position with all ^he & & 
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PHYSICAL THERAPY IN INFANTILE PARALYSIS 
Arthur T. Lego, M.D. 

Introduction 

Poliomyelitis is a specific infectious disease, the causative agent of 
which is thought to be a filtrable virus. Although adults may be 
stricken with poliomyelitis, the disease is primarily one of young chil- 
dren, appearing rarely under one year, but reaching the peak Incidence 
at about the five-year-age level. A marked seasonal incidence is appar- 
ent in the consistent recurrence of the disease in the late summer and 
early fall. The disease Is most common in temperate climates. 

In order to follow the course and treatment of anterior poliomyelitis 
carefully, the disease is best considered In four stages: 

The first, or acute, stage includes the constitutional symptoms, and 
the preparalytic and paralytic phases. Its treatment should be wholly 
medical. 

The second stage begins as soon as the temperature becomes normal. 
At this stage sensitiveness Is still present, and the muscles show paral- 
ysis or weakness. Early orthopedic treatment for the prevention of 
deformity should start at this time, but no active treatment, such ns 
massage and muscle training, until the sensitiveness has disappeared. 
It is during this second stage that most of the spontaneous recovery 
takes place. 

The third, or convalescent, stage starts when the sensitiveness is 
over and Includes that period when the muscles make the greatest gain 
in power. Active muscle training should be carried on faithfully. 

The fourth, or chronic, stage is the stage after the muscles have 
finished their rapid gain. A certain proportion will have recovered to 
such an extent that no treatment is necessary other than occasional 
supervision. The remainder will still need orthopedic care, and the 
majority will still obtain benefit from muscle training and massage. 
This benefit will be shown both fn actual, although slow, gain In muscle 
strength and in an improved use of the body as a whole in getting 
around and taking part In normal activities. Furthermore, badly 
affected muscles lose tone and function, and slight contractures 
develop into fixed deformities, if regular treatment Is neglected, even 
in the chronic stage. 
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movement on the normal side as well. If electricity Is used to produce 
a movement, the technic Is the same. , , .. ^ 

Although actual movements of muscles paralyzed as the resort w 
a complete section of the nerve do not occur Wore the fourth! wem, 
these exercises may be begun after the third month, 
pleraentary movement, which at times develops during trea \ 
ways retards recovery of paralyzed muscles Is a moot ff u J 3 r ( *V , fr M 
the movement is adequate to function as In paralysis of 
it makes little difference to the patient. Care must always 
to prevent fatigue In the paralyzed muscle. 

Occupational Therapy. — Gymnastics of various kinds, 
movements, etc., are valuable. Particularly valuable ™ cco r.,_ DV 
of the long time required to effect recovery Is occupational^^ ; 
The type of occupation should be devised to fulfill two ittpu y 
first, that which will hasten recovery and, second, that w 
recovery does not take place, will be of benefit to the P aU *®, ^ 
use of the extremity. The bandies of tools are so C0T } alT \ T , mmcn 
afford support and exercise to the weakened muscles- £ ’ 

screwdrivers, chisels, saws, planes, all lend themselves wen 
rising the upper extremities, and foot pedals of various K 
be used for the lower ones. The small hand muscles are assist 
recovery by typing, basket weaving, rug making and > ret . n ^L weIV 
the combined use of all the methods outlined, a functional r«o^ 
may be brought about which justifies the surgical treatment, pa 
and time expended. 
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Introduction 

Poliomyelitis is a specific infectious disease, the causative agent of 
which is thought to be a filtrable virus. Although adults may be 
stricken with poliomyelitis, the disease is primarily one of young chil- 
dren, appearing rarely under one year, but reaching the peak incidence 
at about the five-year -age level. A marked seasonal incidence is appar- 
ent In the consistent recurrence of the disease in the late summer and 
early falL The disease is most common In temperate climates. 

In order to follow the course and treatment of anterior poliomyelitis 
carefully, the disease Is best considered in four stages: 

The first, or acute, stage includes the constitutional symptoms, and 
the preparalytic and paralytic phases. Its treatment should be wholly 
medical. 

The second stage begins as soon as the temperature becomes normal. 
At this stage sensitiveness is stlfl present, and the muscles show paral- 
ysis or weakness. Early orthopedic treatment for the prevention of 
deformity should start at this time, but no active treatment, such as 
• massage and muscle training, until the sensitiveness has disappeared. 
It is during this second stage that most of the spontaneous recovery 
takes place. 

The third, or convalescent, stage starts when the sensitiveness Is 
over and Includes that period when the muscles make the greatest gain 
in power. Active muscle training should be carried on faithfully. 

The fourth, or chronic, stage is the stage after the muscles have 
finished their rapid gain. A certain proportion will have recovered to 
such an extent that no treatment Is necessary other than occasional 
supervision. The remainder will still need orthopedic care, and the 
majority will still obtain benefit from muscle training and massage. 
This benefit will be shown both In actual, although slow, gain In muscle 
strength and In an improved use of the body as a whole in getting 
around and taking part In normal activities. Furthermore, badly 
affected muscles lose tone nnd function, and slight contractures 
develop into fixed deformities, If regular treatment is neglected even 
in the chronic stage. 
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WMe the treatment of the acute stage is entirely medkal, >o me 
knowledge of It Is desirable In order to understand the later stipes 


First, or Acute, Stage * 

The disease usually develops in the patient first as a general systefffc 
process, of short duration, In which the child is only mildly ill with 
slight fever and some variable Indefinite symptoms referable to the 
upper respiratory tract or the gastro-intestfnal tract. The pail eat re- 
covers from this mild Indisposition, which Is frequently entirely over- 
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fifty to several hundred, usually lymphocytic or monocytic In type. 
Occasionally, and especially very early in the meningitic stage, the 
fluid may be quite turbid, and the cell count may run as high as 1500 
to 2000 per cm mra. In these cases the cells may be largely poly- 
nuclear?. The high cell counts tend to fall rather rapidly, accompanied 
by a change in the types of cells to those of the mononuclear series. 

These evidences of acute Infection with meningeal Involvement last 
but a few days. Yet in these few days of febrile disease the damage Is 
done to the central nervous system, and the full basis of paralysis Is 
established. 

The first appearance of paralysis is usually 36 to 48 hours after 
the onset of the meningeal stage, with the maximum extent of paralysis 
reached usually within 48 to 72 hours after the first demonstrable 
weakness. With the fall of the temperature to the normal level, the 
danger of further damage to the central nervous system, or further 
extension of paralysis becomes remote. 

Death from poliomyelitis in the acute stage of the disease is due ' 
usually to failure of the respiratory mechanism brought about presum- 
ably in one of three ways : 

(1) In dorsal Involvements directly, by paralysis of the primary 
respiratory muscles, the intercostal muscles and the diaphragm. 

(2) In bulbar types Indirectly, In patients with paralysis of the 
pharynx, by the collection of mucus or vo coitus about the glottis, 
causing, either by actual obstruction or by Initiating spasms of the 
glottis, constantly interrupted, shallow and irregular respiratory efforts. 

(3) In bulbar types, in addition to pharyngeal paralysis, directly 
by disturbance of the nerve centers in the medulla which control 
respiration. 


The last few years have brought definite advances In the treatment 
of these dangerous forms of the disease, advances which fall In large 
measure Into the field of physical therapy. For the treatment of the 
first type of respiratory failure, Involvement of the Intercostal muscles 
or the diaphragm, the Drinker respirator has proved quite effective. 
In the treatment of bulbar forms of the disease, without intercostal 
or diaphragmatic involvement, where both the second and third 
mechanisms of interference with respiration may be operative, the 
results obtained from the use of the Drinker respirator have not been 
very encouraging. 


However, in view of the observation that patients with bulbar in- 
volvements, if they survive, show a most remarkable return of function 
In the paralyzed muscles of the pharyna, every effort should be made 
to maintain life In these patients suffering from high cord or brain 
stem involvement. Much can be accomplished of benefit to patients 
who ba« pharyngral paralysis not complicated by centra) interference 
with respiration. Inasmuch as patients suffering from pharyngeal 
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paralysis may succumb to interference with respiration due to cona- 
tion of mucus or vomitus In the pharynx, or may develop a brood»- 
pneumonia due to the aspiration of this material, the Indication is to 
keep the pharynx dty and free from secretions. This can be facilitated 
by having the patient lie on his side or on his face and by ritvadoj 
thefoot of the bed. Aspiration of the pharynx for the removal of 
secretions may be necessary. Patients with bulbar involvement sbenr, in 
the febrile stage, a tendency to vomit, so that frequently it seems acces- 
sary to rely on parenteral fluids, avoiding anything by mouth in these 
patients until the temperature becomes normal. After the temperate? 
drops the nutrition of the patient may be maintained by gavage feed- 
mgs. in the majority of patients the swallowing function returns in * 
Jew days, though occasionally postural drainage, aspiration of the 
pharynx, and gavage feeding may be required for several weeks. Even 
pr , ged ca5M ^urn of function of muscles supplied from 
the bulbar regions of the spinal cord has been surprisingly good. 
crJ.mSu 4 t k? ve shovm > In addition to pharyngeal paralysis, tte 
•P^nradlc, irregular breathing suggesting central Interference will 
restoration have been treated in a variety of ways other than fa the 
° T ' i' 5ua!l >’ witfMKt demon. treble benefit. The pnr 
been ,r) ed Include repeated spinal Hold drainage 
and the us* of hypertonic salt or glucose solution Intravenously. 
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are not reached by the specific agent but are seriously Impaired in their 
function by interference with the blood supply, probably in turn a 
result of the extensive edema. 

With the subsidence of the acute process, the edema diminishes, the 
hemorrhages resorb, and the motor nerve cells which have remained 
viable gradually resume their normal functions. But the cells which 
are no longer viable continue to degenerate, while groups of phagocytic 
cells collect to remove this debris. When in a given level of the cord 
a few cells only are destroyed, the outlook as regards considerable 
return of function should be good. In very severe Involvements all of 
the motor cells at certain levels may be destroyed, and in a few weeks 
a cavity in the cord may develop where once was a portion of the 
anterior horn. Obviously in cases where this type of extensive degenera- 
tion has been found at necropsy, had the patient survived, little could 
have been hoped for In the way of recovery of paralyzed members. 

Unfortunately exact determinations of the extent of involvement can 
be made only by pathologic examination. Clinically the number of 
patients who show some return of function In a paralyzed part is so 
large as to justify an optimistic attitude as regards some return of 
function in all cases and the acceleration of this return by proper 
physiotherapeutic procedures. In the paralyzed part in which the pas- 
sage of time has demonstrated the complete destruction of the nerve 
supply and the failure of the natural regenerative process, the obliga- 
tion to resort to orthopedic reparative procedures is obvious. 


Second Stage 


EARLY ORTHOPEDIC TREATMENT 

This stage begins as soon as the acute febrile stage is over, when the 
cases are definitely paralyzed or weakened. About 80 per cent of the 
patients will show sensitiveness at this time, although others apparently 
never have any sensitiveness. 

The objects of treatment at this stage are the prevention of early 
deformities and the relief of the sensitiveness. The sensitiveness can be 
most easily combated by hot packs, given two or three times a day 
for about fifteen minutes. If both arms and legs are sensitive the 
entire body should be wrapped in wet blankets or towels which have 
been placed in hot water and wrung out. A rubber sheet outside will 
keep the heat in and protect the bed. If only the legs are tender the 
wrappings may extend from the waist down. The heat should not be 
intense enough to be debilitating, or to rwjuire the use of fee applica- 

Dly h '? t ' tr0m ' ,cc1ric bot-wmer bottles or 
radmnt Ught bakers, may be applied to the sensitive areas, but moist 
heat has seemed to the writer to be more effective In 
sensitiveness due to Infantile paralysis. lessening the 
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This stage may last from a few weeks to two or three months. No 
massage should be given during it. Complete immobilization In ipEnts, 
or in a plaster bed, will aid in the relief of the sensitiveness. Unless 
; case Is seen within a few days of onset, the knees and thighs may 
already flexed on the body and resist extension. It may be necessa^ 
Immobilize In this position at the start, if the flexion and pain are 
rere, and gradually bring the legs down as the pain subsides. 
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In the nursing care of the patient particular attention should be 
paid to the condition of the skin to prevent bed sores or chafing from 
the splints. A dally sponge bath may be given, followed by a light 
alcohol rub, but the sensitive Joints should be moved as little is 
possible, and no brisk nabbing should be given with the alcohoL A nf 
deep massage, or too much passive motion, may increase the sensdve- 
ness and prolong this stage. 

If the limbs are completely immobilired for any length of time in the 
corrected position, the sensitive muscles will shorten in this position, 
And joint motion will be lost. Light passive motion of the knees »ad 
hips should be given twice daily, flexing each to the point of pain coce 
°u ^ Otherwise when active treatment is started, it will be found 
that the patient can not be sat up on n chair because of the tightness 
of the posterior gluteal muscles at the hip, and the knees am nrrt l* 
bent on account of the tight knee extensors, which can not be easily 
stretched out without permanent damage to the muscles. The joints 
°* ann be treated in the same way. 

The general practitioner can prevent deformities and hold the kp 
Dorm nl position by means of sandbags, or « bos do 
hold the feet at right angles, with the body kept in a straight 
uy pillows. A patient with sensitive shoulders should not be shostd 
a ™ dose to the chest and the elbows flexed. A sm»n 
£5?"“ ^ bdp to prevent adduction contractures If » 

JJJ A* 1 T®, 01 . a ^Hable, and a bandage around the wrist rosy be pinned 
^ in Partial extension. ti , , 
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TmftD, ott Convalescent, Stage 
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tion in controlling the musde power *8ede& 
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execute It, and there wD, 
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The mentality is never impaired, and as a general rule the patient’s 
attitude is hopeful and cooperative, although some of the older ones 
may have more or less depression as they come to realize the extent 
of their affliction. 

The circulation of both legs is decreased during the period while the 
patient Is being kept in recumbency, and atrophy will follow if the 
circulation is not kept up. Besides this effect of inactivity on the cir- 
culation of both normal and affected muscles, there Is in many cases 
some vasomotor disturbance which shuts down the blood supply to a 
great degree. As a result of this, we may find later a marked atrophy 
of the muscles and considerable shortening in a leg where there is 
very little loss of power, while another case with marked muscular 
involvement may have no shortening at alL However, the majority of 
cases with severe leg paralysis eventually show both atrophy and 
shortening. 

While some cases may show some loss of sensation during the acute 
stage and a few have incontinence or retention of urine, these symp- 
toms are never permanent and, if present, are a sign of some condition 
other than infantile paralysis. 

The classic signs of some other forms of paralysis, such as shiny 
skin, deformed nails, lack of sensation or anesthesia to heat, pain, 
touch, etc,, are never present in infantile paralysis. 

This period when the sensitiveness has recently disappeared is the 
period of most rapid spontaneous recovery. Many cases show a re- 
markable spontaneous recovery In power during the first few weeks 
after the onset, even changing from complete paralysis to normal 
strength without any treatment whatever. This is explained by the fact 
that the early paralysis was due to pressure on the nerve centers by 
the edema in the spinal cord, without, however, any destruction of 
these motor centers. With the disappearance of the edema, the nerve 
cells resumed their normal function, and the muscles ceased to be 
paralyzed. This spontaneous recovery is often attributed by parents 
and irregular practitioners to all sorts of batteries, lights and applica- 
tions, which have no value in themselves. 

Before any Intelligent physical therapy treatment or reeducation 
of the affected muscles can be started, a complete muscle examination 
must be made to show the extent of paralysis and the comparative 
strength of the different muscle groups. A muscle examination can 
be made only by someone who has a thorough knowledge of func- 
tional anatomy and knows the relative normal strength of the different 
muscles examined. Any person without this knowledge of functional 
anatomy Is not competent to make a complete muscle examination nor 
to cany out intelligent treatment 


It Is inexcusable for a physician to turn a case over to a masseuse 
or a physical education instructor without special training and ex- 
pwlrnct In this special branch of physical therapy. It fa not sufficient 
for him to ask n patient sitting on the edge of a table to extend Us 
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In the nursing care of the patient particular attention should be 
paid to the condition of tbc skin to prevent bed sores or crufmg Iron 
the splints. A daily sponge bath may be given, followed by ' * *V* 
alcohol rub, but the sensitive Joints should be mowd rahuJe “ 
possible, and no brisk rubbing should be given with the arcobot._Any 
deep massage, or too much passive motion, may Increase the sensan 
ness and prolong this stage. . . ^ 

If the limbs are completely Immobilized for any length 
corrected position, tbc sensitive muscles will shorten In this pwur^ 
&nd joint motion will be lost. Light passive motion of ibttnta 
hips should be given twice dally, flexing each to the point P"®, 
or twice. Otherwise when active treatment is started, It wJU 
that the patient can not be sat up on a chair because of the 
of the posterior gluteal muscles at the hip, and the kneesexn ,, 
bent on account of the tight knee extensors, which can &ot_ ^ 
stretched out without permanent damage to the muscles. I 
of the arm should be treated In the same way. ...... 

The general practitioner can prevent deformities and horn _ ^ 

and trunk in their normal position by means of sandbags, or . 
bold the feet at right angles, with the body kept In a straigh 
by pillows. A patient with sensitive shoulders should notne 
to keep the arms close to the chest and the elbows flexed, a 
pillow In the axilla wfll help to prevent adduction rontracturm, 
splint b not available, and a bandage around the wrist may ** 
to the bed to keep the elbow in partial extension. Hhwifd 

It b far better to utilize pillows even though they must be a 1 
frequently to maintain the desired position, than It Is to pj l jjj, 
plaster cast and leave the patient In it for any length °‘ 
interfere with the return of muscle power and produces stiff - 
Rest b the essential thing during thN period, and the patlen ^ 
be moved as little as possible except for necessary nursing^ 
Bradford frame should be used (f it b necessary to carry tn^- 
Increase In muscle activity should be allowed before ft muscle 
tion b made. 


Third, or Convalescent, Stack 

When the sensitive stage b over, active physical therapy 
started. 

At thb time, an examination shows either a definite flaccid 
of the muscles affected or, if a mild case, some degree of 
The reflexes may or may not be present, according to the ^ 
the damage In the spinal cord, but they are never Increased m 
stage. Some muscles may be contracted from overbalance, or » 
habitual position, but they are never spastic. The patient’s C0 ^L e< L 
tlon In controlling the muscle power which remains b never 
If he has the muscular strength to perform the desired motion, 
execute it, and there will be no ataxic or uncoordinated movement 
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The mentality is never impaired, and as a general rule the patient's 
attitude is hopeful and cooperative, although some of the older ones 
may have more or less depression as they come to realize the extent 
of their affliction. 

The circulation of both legs is decreased during the period while the 
patient is being kept in recumbency, and atrophy will follow if the 
circulation is not kept up. Besides this effect of inactivity on the cir- 
culation of both normal and affected muscles, there is in many cases 
some vasomotor disturbance which shuts down the blood supply to a 
great degree. As t result of this, we may find later a marked atrophy 
of the muscles and considerable shortening in a leg where there is 
very little loss of power, while another case with marked muscular 
involvement may have no shortening at alL However, the majority of 
cases with severe leg paralysis eventually show both atrophy and 
shortening. 

While some cases may show some loss of sensation during the acute 
stage and a few have incontinence or retention of urine, these symp- 
toms are never permanent and, if present, are a sign of some condition 
other than infantile paralysis. 

The classic signs of some other forms of paralysis, such as shiny 
skin, deformed nails, lack of sensation or anesthesia to beat, pain, 
touch, etc, are never present in infantile paralysis. 

This period when the sensitiveness has recently disappeared Is the 
period of most rapid spontaneous recovery. Many cases show a re- 
markable spontaneous recovery in power during the first few weeks 
after the onset, even changing from complete paralysis to normal 
strength without any treatment whatever. This is explained by the fact 
that the early paralysis was due to pressure on the nerve centers by 
the edema in the spinal cord, without, however, any destruction of 
these motor centers. With the disappearance of the edema, the nerve 
cells resumed their normal function, and the muscles ceased to be 
paralyzed. This spontaneous recovery is often attributed by parents 
and irregular practitioners to oil sorts of batteries, lights and applica- 
tions, which have no value In themselves. 

Before any Intelligent physical therapy treatment or reeducation 
of the affected muscles can be started, a complete muscle examination 
must be made to show the extent of paralysis and the comparative 
strength of the different muscle groups. A muscle examination can 
be made only by someone who has a thorough knowledge of func- 
tional anatomy and knows the relative normal strength of the different 
muscles examined. Any person without this knowledge of functional 
anatomy Is not competent to make a complete muscle examination nor 
to carry out intelligent treatment. 


It is inexcusable for a physician to turn a case over to a masseuse 
or a physical education instructor without special training and ex- 
pcricno- In thm special branch of physical therapy. It Is not sufficient 
for him to ask a patient smlng on the edge of a table to extend his 
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knee, and pronounce that hia muscles are gone If be Is unable to do 
so. A knowledge of an easier position in which the weakened muscle 
can function may demonstrate a considerable amount of power remain- 
ing and may entirely change the prognosis as well as the treatment 
to be advised. On the other hand, it should be remembered that normal 
muscles not only produce movement through a certain arc of motion 
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but are able to do so against a considerable degree of resistance and 
to hold the part io that position against a considerable amount of out- 
side pressure. It is not safe to assert that a child has no weakness 
because be Is able to more his arms and his legs about in bed Partial 
paralysis Is more common than total, and the presence of enough un- 
paraiyaed fibers In a muscle to straighten the knee In bed or sitting 
up, does not prove that there are enough unaffected fibers In that 
muscle to hold the patient s weight In standing. 


No, 


HARVARD INFANTILE PARALYSIS COMMISSION 


Pitknt'i Name 

Cannot walk, walk* unaided, wftb brace*, crutdbe* and corset 

auracterijtlc Gait 

Scolioafa 

Left Leu Contraction* and DeforaHIe* RI*M Lej 


IDp 

Knee 


Orbit 

, dal 

Month 

Anterior Neck 
Ptatfrior Nedt 
Back 

Respiration 
Quadrato* Lurobcrom 
Anterior Abdominal* 
Lateral Abdominal* 


Glutern mutmu* 

Hip Flrror* 

Sartoriu* 

Inward Rotation 
Outward Rotation 
Tensor Faadac I-atae 
Hip Abductor* 

Hip Adductor* 
Qoadrkrpa 
Inner Hamstring* 

Outer Hamstrings 
Oaatroepc m lu* 

Anterior TIhial 
P oat trio r Tibia] 

Peroneal* 

Fatemcr Looam Diaitornm 
F.xtra*or Propria* Halhrd* 
TkMrr Lonyu* Digitonun 
S^ort Toe Float* 

FWinr Ltmjxa HaUnd* 
Leojth 
Thith 

Call . 


e B*rY® d 
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knee, and pronounce that his muscles are gone If he is unable to do 
so. A knowledge of an easier position in which the weakened muscle 
can function may demonstrate a considerable amount of power remain- 
ing and may entirely change the prognosis as well as the treatment 
to be advised. On the other hand, it should be remembered that normal 
muscles not only produce movement through a certain arc of motion 


Fk. S. — EquFma — iwnttl mith tUld littfan wvak donlficxon. 

but are able to do so against a considerable degree of resistance and 
to hold the part in that position against a considerable amount of out- 
side pressure. It Is not safe to assert that a child has no weakness 
because be is able to move his arms and his legs about in bed Partial 
paralysis is more common than total, and the presence of enough un- 
pa ralyxed fibers In a muscle to straighten the knee in bed or sitting 
up, does not prove that there are enough unaffected fiber* fn tk.t 
muscle to hold the patient’* weight in standing. ^ 


HARVARD INFANTILE PARALYSIS COMMISSION 


No. , 


Patient 1 * Name 

Cannot wait, walks imaHed, with bncn, crolcbe* and court 

Guracterbdc Galt 

Scollotlj 

Left Lc* Contraction* and Defonnitla Ri*ht Lt* 


Hip 

Kntt 

Ankle 

OibU 

Month 

Anterior Neck 
Porterior Neck 
Back 

Resptratioc 
Quadratua Lomborurn 
Anterior Abdominal* 
Lateral Abdominal* 


Gluten* merino* 

Hip Flexor* 

Sarto riu* 

Inward Rotation 
Ontward Rotation 
Tccaor Feeder let— 

Hip Abductor* 

Hip Addoctor* 

Qoadricepa 
Inner Oanatrinf* 

Outer Hamatrtn** 

Gaatm CT#ml|it 
Anterior TThdal 
Poaterior TDjW 
Peroneal* 

Erienaor Lon<m Dtxilonrai 
Litenace Propria* Hajlucti 
FVxor Lonjpw Di^Uornm 
Short Toe Flexor* 

Flexor Lotto* HaDnda 
Lecjtli 
Thijh 
Calf 

^ - 


c iUrr*rd 
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Eqthna — If a shortened tendo a chillis prevents the heel from touching 
the floor, so that the weight Is borne wholly on the forefoot, the con- 
dition is called an equinus. 

Valgus— li the adductors, the muscles which Invert the foot, are the only 
weak muscles, the stronger abductor group, the perooeals, will pull the 
foot out into eversion (valgus). The patient will walk with the foot 
displaced outward and the internal malleolus will appear prominent. 
An equinos may also be present, in which case the deformity is called 
equinovalgus and the weight is borne on the toes with the foot dis- 
placed outward. 



Fro. i cl — E qutoovara deformity due to *e*l donUJeron *od peroml poop. 


Vans — When the abductor group which exerts the foot is weak, and the 
invertors are strong, the foot Is turned in so that the weight is bomc on 
the outer border of the foot. This deformity is called xwrus. It is fre- 
quently combined with an equinos. 

Should all three of these groups be weakened, strength In the posterior 
calf group would still produce an equinus on account of the weakness of 
dorsiflesors, but the foot would not be displaced to either side if the 
invertors and the evert ors were equally weak. 

Cafranou— Weaknees of the Futrcatemlm and joints, when the orooelnz 
dtmlfleinrs are itrotiR, raulu in i pill without aptinz. The wrizht L 
home bctiHy on the had, and the heel cord pnduaUy becomea itratched 
out. This condition is known as calcaneus. CiWd 
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The details or making a complete muscle examination will be found 
in the later section cm muscle training. 

After the muscle examination, If the patient has been allowed to 
walk, it is very Important to notice the weight-bearing position oi Us 
feet, knees and trunk ns wdl as any fixed deformities which be nay 
have acquired. The gait should nbo be analyzed very carefully. 



Pn. 9 . — E^tufaioi with tight heel coni 


A form like the following may be of aMisfjulce: 
FeeT: they turn out? 


twrdw ? 


ouit- 

/ t the weight being borne on the outer 1 

td) rwTth^ f“* drop— doe* be walk wholly on hb toes ? 
(01 Doe* the weight come heavily on the heel without 


Thunk: 


i drop— doe* 1 

'^bt come heavily on the heel wttboci *>““*' 

lb> Are back in hyperexten*lofl on weight bearto^ 

(b) a™ they kept Beaed ,1 .11 Umo? 

(b) I. CHrrf?1 “ forward and the hip permanently flered- 

r) I. d^.L U, .7 U J curv, “ , ' r ' ■>' the vi«? 

(d) Does t£I ‘fo'm on one ilde? 

(d) rx» the p.t(em itand with promlmmt abdora® and 

’ Ter drop— It dS MdSJ'Sw? 1 ,lo<i i' I ne the pita. ^ 

weakened there wR] he • r* 1 ^ 30 '’ ouudta of the tower leg 
a ilep in order to have th^o^ei'^i^r 10 '* "'" d fa 
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Equrnus — If a shortened ten do a chillis prevents the heel from touching 
the floor, so that the weight is borne wholly on the forefoot, the con- 
dition is called an eqidnos. 

Valgtn — If the adductors, the muscles which Invert the foot, are the only 
weak muscles, the stronger abductor group, the peroneal;, will pull the 
foot out into eversion (valgus). The patient will walk with the foot 
displaced outward and the internal malleolus will appear prominent. 
An equlnus may also be present, in which case the deformity fa called 
equinovalgus and the weight fa borne on the toes with the foot dis- 
placed outward. 



F»o. io — Eqidnovirm deformity doe to »eak donJfltson md perooeaJ froup. 


Vann — When the abductor group which everts the foot fa weak, and the 
Invertor* are strong, the foot is turned in to that the weight fa borne on 
the outer border of the foot. This deformity fa called varus. It fa fre- 
quently combined with an equlnus. 

Should all three of these groups be weakened, strength In the posterior 
calf group would still produce an equlnus on account of the weakness of 
dorslflexor*, but the foot would not be displaced to either side if the 
invertors and the evert or; were equally weak. 

Calcaneus Weakness of the gastrocnemius and soleus, when the opposing 
donlflernr* are strong, results In a gait without spring. The weight fa 

,md «* «*d ^^11,- !,«>=*, ,tr«ci*d 
out. this cnnnuKNi is known as calcaneus. 
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■ Calcancovarvi — Greater strength In dthef tbe Inralor, or the met® 
may cause a varus or a valgus in addition to the calcaneus, 

Flail — A flan foot without fixed deformity results when there b wn 
paralysis of all the muscle* of the lower leg, since no oce gn^b 
enough to overbalance its opponent. In walking, * P 3 *” 1 * .1 

foot come* heavily on his heel and has a foot drop as writ, , 
foot Is dear-of the floor. A -flan foot may be turned either <«t or m 
when weight-bearing, but Is not fixed in any position. 



F,a Vtfjta deformity doe to weak adductor or ttbtd gnwp- 


V Z r *’^ A <«* or » M loot may tkow vans " I 

^ r ,ud » •* wEdoitly contracted, withmt M, ctanp 

In the jxnHlon of the m cald*, , 

lr ~ «w* «b° uW te 

for hypetcittmkJTi b very common. The function of the fl lud, ? a ^L r > 
** *»« i« weight bearing. « **“?£ 
i*T Ta ^,“f c ,, b constant danger of having^ the knee bend un^T 

patient with * weak quadrtcepi may walk to lessen this danger. 1 

th ' ^ U* body In front of tJ* 

of the knre >oint when Handing on that leg. This may be accompli 



Fin. n. — Vina deformity doe to w«*k perooeal gnwp. 



FkL i 5. — Calcanea* deformity from 
meal eartrocnemlm tad impanlynd 
donlftexon (Lovett ) 


Fra. 14. — Hj’pfrntrruW knm 
doe to iDoain* »djiht beartec 
aHfcoot tupport. (Lovett.) 
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by bending slightly forward and using the hand to press the thigh bad 
each time the weight is taken on that leg- This locks the knee tot 
against flexion. Many patients accomplish this lock ing of the tot 
back in hyper extension without using the hand, by carrying the body 
ahead of the leg. This locking of the knee back In hyperextrasiccB * 
severe strain on the posterior structures of the knee joint If there ii 
any considerable degree of weakness in the muscles which reinforce t* 
knee joint posteriory, either the hamstrings or the gastrocnemius, the 
knee Is forced back Into a greater degree of hyperexteral® than aw- 
mal joint will allow, and the Joint capsule becomes P*rmMatJy 
stretched. Extreme cases even present a backward bcrstog-Ooce tint 
deformity has developed, it U practically Impossible to correct n 



F»- '5 Hand "ipporttnc lhl*h In stindlnj with wwi t^adricer*- 
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though the quadriceps muscle may grow stronger, and the position fa a 
potential cause of painful joint strain in later years, « well as a per- 
manently awkward gait. A strong quadriceps may cause hyperextenskm 
of the knee in the presence of weak posterior muscles, but the mechan- 
ical locking of the knee necessitated by a weak quadriceps fa a more 
frequent cause. 

Another gait which is sometimes developed by the individual with a 
weak quadriceps fa that of walking with the whole leg rotated out. The 
internal lateral ligaments of the knee take the strain in this case without 
loc king the knee back. Efforts to train such a patient to walk with bis 
foot and leg pointed forward will only result in increased falls, if hfa 
knee fa not held by a brace. 

A knee flexion con tract me may cause walking with the knee bent. 


The limps which are caused by weakness of the gluteal muscles are 
very awkward and noticeable. It is important to recognize them, since 
they are not usually improved by braces or by operations on the feet, 
and much disappointment will be avoided if this is explained to patients 
before undertaking measures which may improve the lower joints. 

The function of the gluteal muscles in standing is to hold the pelvis 
In position over the leg which is taking the body weight at the moment. 
When the weight Is taken on the left leg, for instance, the left gluteus 
maximus posteriorly tightens to prevent the pelvis from tipping for- 
ward so much that the erect position of the trunk will be lost. If this 
muscle Is too weak to bold the pelvis back in place, the patient must 
either support himself with a crutch or a cane in front to prevent 
flexion from occurring at the hip, or else be must throw his trunk 
backward at the moment of stepping on the left leg; by so doing, 
the superincumbent weight of the trunk, is brought behind the center 
of motion of the hip joint, and the danger of flexing the hip is pre- 
vented. This throwing of the body backward each time the patient 
steps on one of the legs is a definite sign of weakness of the gluteus 
maximus of that side. If the gluteus maximus of both sides Is poor, 
the patient may walk without crutches, provided the knees are held in 
extension, by carrying his trunk posterior to his legs, the abdomen 
usually protruding. Efforts to teach him to stand with his weight for- 
ward only result in his sitting down backward unless crutches are sub- 
stituted to hold him up. 


Weakness of the left gluteus medius usually results in a throwing 
or bending of the trunk to the left side whenever the right foot is 
taken off the floor. When the support of the right leg Is removed, the 
pelvis tends to drop down on the right side unless it fa held by the left 
gluteus medius from doing so, or unless the trunk fa tipped far 
rnough over to the left to raise the right side of the pelvis. This tipping 
of the body to the weak side fa the common abductor limp, and it is 
sometimes difficult to distinguish from a short-leg limp. Occasionally 
Instead of tipping to the weak side, the opposite side of the pelvis fa 
allowed to drop, in a limp similar to a mfld Trendelenburg sign/Weak 
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by bending slightly forward and using tbc hoed to pre® tbe fKt gh 
each time the weight b taken on that leg, This locks the knee Wd 
against flexion, hinny patients accomplish tbb locking of Ibe knee 
back in hyper extension without using tne hand, by carrying the body 
ahead of the leg. This locking of the knee back in hyperextaakn b i 
servere strain on the posterior structures of the knee joint If there b 
any considerable degree of weakness in the muscles which reenforce the 
knee Joint posteriorly, either the hamstrings or the gastrocnemius, the 
knee is forced back into a greater degree of hyperextension than a nor- 
mal joint will allow, and tbe Joint capsule becomes pernanady 
stretched. Extreme cases even present a backward bowleg. Ooct thfa 
deformity has developed, It b practically impossible to correct ft eras 
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though the quadriceps muscle may grow stronger, and the position Is a 
potential cause of painful Joint strain in later years, as well as a per- 
manently awkward gait. A stroog quadriceps may cause hypcrextemion 
of tbe knee In the presence of weak posterior muscles, hot the mechan- 
ical locking of the knee necessitated by a weak quadriceps is a more 
frequent cause. 

Another gait which fa sometimes developed by the Individual with a 
weak quadriceps is that of walking with the whole leg rotated out. Tbe 
inte rnal lateral ligaments of the knee take the strain In this case without 
locking the knee back. Efforts to train such a patient to walk with bis 
foot and leg pointed forward will only result in increased falls, if his 
knee fa not held by a brace. 

A knee flexion contracture may cause walking with the knee bent. 

Tbe lim ps which are caused by weakness of the gluteal muscles are 
very awkward and noticeable. It is important to recognize them, since 
they are not usually improved by braces or by operations on the feet, 
and much disappointment will be avoided if this is explained to patients 
before undertaking measures which may improve tie lower joints. 

The function of the gluteal muscles in standing Is to hold the pelvis 
In position over tbe leg which is taking the body weight at the moment. 
When the weight is taken on the left leg, for Instance, the left gluteus 
maximus posteriorly tightens to prevent the pelvis from tipping for- 
ward so much that the erect position of the trunk will be lost. If this 
muscle is too weak to hold the pelvis back in place, the patient must 
either support himself with a crutch or a cane In froot to prevent 
flexion from occurring at tbe hip, or else he must throw his trunk 
backward at tbe moment of stepping on the left leg; by so doing, 
tbe superincumbent weight of the trunk is brought behind the center 
of motion of the hip joint, and the danger of flexing the hip is pre- 
vented. This throwing of the body backward each time the patient 
steps on one of the legs is a definite sign of weakness of the gluteus 
maximus of that side. If the gluteus maxim us of both aides b poor, 
the patient may walk without crutches, provided the knees are held in 
extension, by carrying his trunk posterior to his legs, tbe abdomen 
usually protruding. Efforts to teach him to stand with his weight for- 
ward only result in his sitting down backward unless crutches ore sub- 
stituted to bold him up. 

Weakness of the left gluteus medius usually results in a throwing 
or bending of the trunk to the left side whenever the right foot is 
taken off tbe floor. When the support of the right leg Is removed, the 
pelvis tends to drop down on the right side unless it fa held by the' left 
gluteus medius from doing so, or unless the trunk fa tipped far 
enough over to the left to raise the right side of the pelvis. This tipping 
of tbe body to the weak side fa the common abductor limp and it fa 
sometimes difficult to distinguish from a short-leg limp. Occasionally 
instead of tipping to tbe weak side, the opposite side of the pelvis fa 
allowed to drop, in a limp similar to a mOd Trendelenburg sign Weak 
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S to ^:. abduct0r! ° f b°‘h hips results In a waddk, ** to 

nbdurt^mrf° f l K>th 1116 elu t teus mcdiu5 nnd lhe gluteus mute, Bp 
dhgonS^y back on Oic ^'jT ^ 

lei! J ^lSlt , | eakn !? 0f ^ h'p fl «°e mate it difficult to man tie 
,S n and I hU is mualI >’ overc <™ by a slight twist of 
the pelvrs which bring, the [eg fonrard usually In outward retail®. 



*®' Lnobat lordorfi doe to hip contnctioc. 



<h* to hip coott*ttVxL 
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Fm. 16. — Bidftng iWomen wtei crying — rijht Uttnl atxlocnbiil wruVoe*. (Lovett.) 



20 [% 3 ££ * Infantile Panlyi 

ness of the abductors of both hips results In a waddle, tipping from 
side to side. 

Weakness of both the gluteus medius and the gluteus maibnus^Wp 
abductor and extensor, on the same side, causes the body to be tipped 
diagonally back on the weak side. 

Marked weakness of the hip flexors makes it difficult to roerrt tk 
leg straight forward, nnd this is usually overcome by a slight twist oi 
the pelvis which brings the leg forward usually in outward roUticn. 



F» 17.— C»>* *nri*d tmaUr iordo* doc to hip coct/acitoc- 
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Fxa iS.— Buljfn* abdomen when cryin*— ri«ht klend tbdomlmj wtainoa. (lxmU.) 
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Shortening and abdominal paralysis also complicate the hip limp, 
and habit forms a very considerable element In the llrnp of a chrodc 
patient. 

If a child with weak hip extensors has been allowed to sit up a pot 
deal with the hips flexed, it will be found that the hips are bdd pe- 



-RJrht k:oBo*Ii da* i Q „ 

10 V%_ Con«tl oo 0 f 


by cqn*ntfaij 



Treatment — Third Stage -JJaiTn] 23 

manently flexed when the time comes for the child to stand. This 
necessitates an Increase in the normal physiologic curve of the lumbar 
spine in order to hold the body erect — in other words, a lordosis. 

The patient with weak anterior abdominal muscles stands with a 
very prominent abdomen and often has the same tendency to arch the 
back. 

Weakness in the lateral abdominal muscles usually results In stand- 
ing or sitting with a list toward the stronger side, and a curvature in 
the spine. This is functional at first and very flexible, but if not prop- 
erly supported may increase in severity very - rapidly. Length of the 
legs, involvement of the shoulder, chest and Dad; muscles, and efforts 
at maintaining equilibrium all play a part in determining the type of 
scoliosis which results. 

Besides this detailed fnuscle examination and a recognition of any 
existing deformities or limp, the physician should inquire into other 
points which will be helpful in formulating an adequate plan of treat- 
ment. If the patient has been allowed to walk, questioning will often 
bring out the facts that he limps more when he is tired, or that he 
has trouble going up the stairs. The question of whether or not a 
slight case should go back to school may depend on these points, and 
the distance he will have to walk, or the number of stairs to be 
climbed. There may have been no apparent trouble with the arms 
during the acute stage, yet some weeks afterward it may be noticed 
that continued effort in writing or sewing causes undue fatigue and 
that the hand is used awkwardly. Inability to cough normally and clear 
the throat, difficulty In swallowing dry or solid food, and an unusually 
nasal voice are important points which may not be brought out in 
the muscle examination. A nervous irritability is frequently noticed in 
children who have been allowed to resume their normal activities too 
soon. 

OUTLINE OF TREATMENT 

The treatment to be advised at this time should still lay emphasis 
on the prevention of fatigue and of deformities. This is also the time 
above all others to concentrate on measures to reeducate the muscles, 
and to develop strength whenever response can be obtained. 

All parents are anxious to get the child to sit up and be on his feet 
as quickly as possible. It is difficult to explain to them that sitting 
up and walking are the worst things that the child can be allowed to 
do, If his muscles are not strong enough to hold his body In the normal 
position. This is because faulty position puts the weakened muscles 
on the stretch, and they become fatigued from trying to work under 
a disadvantage. Stretching and fatigue make it more difficult for them 
to regain their strength, and their chance of recovery is definitely 
lessened. Habitual weight bearing In a deformed position results in a 
permanent deformity. Even though the muscles may gradually become 
somewhat stronger, displaced bones and stretched ligaments do not 
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return to normal, and hyperextended knees, scolkais and foot deform- 
ities do not disappear. . 

If the legs are not Involved, there Is no reason why a P^uent show 
not be allowed to walk when the sensitive stage is over, provided tW 
the trunk is properly supported if It fa weak and the arms are 
in abduction if the deltoids arc weak. 

If there is even slight weakness of the legs, weight bearing and wait- 
ing should be forbidden at this time. . 

It has been my routine to forbid walking and weight beanngm cot 
of slight leg involvement, until the muscles have regilwu 
normal power. Even then one must be careful in guanimgagcw 
muscle fatigue. Muscles which have been weakened by pouomyni^ 
fatigue much more quickly than normal, even though their suti^ 
appears normal while undergoing manual tests. . 

If the legs are markedly Involved, it has been my 
prevent weight bearing for six or nine months if the nou 51 ** ^ 
tlnue to show improvement under treatment, in order that 
may not be checked by over-use. During this period, 
ery should be aided by dally massage to improve nutrition, 
carefully carried out muscle training to strengthen the 
muscles. If walking is not permitted, this treatment tbouM* 
tended to include a normal leg in order to keep up its muscle 
When the circulation fa badly affected, It fa well to 1 ^ 

form ol heat before the massage. Stimulation by electricity - 
form at the present time has no place in the treatment oi 111 1,n 
paralysis, to my mind. . 

Owes with considerable involvement of the legs should conn* 
to wear the posterior wire splints applied during the earl er 
It is Important, however, that these splints should be removed 
a day and that as much motion as is possible without pain 
be carried out in all the joints. Great care should be u*d If ^ 
il lhe quadriceps has become tight from ^ 
mobQfaation on the splint, as it is not uncommon to ^ oenpnc 
musde wben t0 ° much force fa used. , 

Operative measures are not indicated at this time. It fa not 

"Sf" 11 * 7*1*"*** before proceeding with operative ng 

^ tnwUtlcm has been handed dowS, but It fa ? 7 JgS 

^ « least a year before doing trsnsphu^ 
T"* 0 " 9 * an attempt to reestablish musde 

5 v ar ’ a . , ? r & eon wix) has watched a g is 

thinning will know fairly definitely bow much more P rogr ^. 

n ***** P°^ under physical 

menu In the case of marked contractures which have occurred 

0{ t S rl ^- radlc ^ treatment should be instituted at W ** 
before the end of a year if .pi^ and ^ stretching affjjg 

inadequate to overcome the deformitfes. No marked defond** 
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should ever occur In cases of poliomyelitis if efficient treatment has 
been advised and carried out from the start. 

It is Inexcusable to allow a case to go without receiving all possible 
benefits from muscle training and the prevention of deformity be- 
cause the surgeon thinks that operative measures will be needed 
in the future. It Is impossible to foretell at the start how much 
improvement can be obtained with treatment Furthermore, the bony 
changes which take place when a deformity is neglected make a 
good end-result less likely. A patient is entitled to his chance of 
regaining as much power as possible under other forms of treatment 
before operative measures are considered. 


The Fourth, or Chronic, Stage 


The exact time when a cose becomes chronic does not depend as 
much upon the number of months after the onset of the disease, as 
upon the time when its condition seems to be about stationary. The 
time of spontaneous Improvement and of rapid gain under treatment 
is over, and it is obvious which muscles will always be badly weak- 
ened, although some further gain can usually be expected if treatment 
Is continued. Deformities from lack of care, or from unequal balance, 
have become fixed, the affected limbs are definitely atrophied, and 
shortening has taken place. 

It may be said that most of the spontaneous recovery will occur 
In three or four weeks. It may also be said that the most rapid gnln 
under muscle training will be made in the first nine months to a year, 
as a general rule. 

There are, however, many Instances where a muscle does not show 
any particular gain for many months after the onset and later shows 
marked improvement. This is generally due to the fact that the 
muscle was allowed to be on the stretch, as In the case of a deltoid 
when the arm Is allowed to hang by the side, or in other instances 
where a muscle is outpulled by its stronger antagonist. Faulty weight 
bearing may also put weakened muscles on the stretch. 


It can be asserted that no weak muscle will come back if It is 
allowed to remain on the stretch, but it is difficult to foretell which 
of these stretched muscle* may recover, If given a period of rest 
and reeducation with the strain removed. Certainly they are entitled 
to the chance, for there are numerous instances on record where 
poor muscles have regained good function after months of remain- 
ing at a standstill. One patient, G. S., received no treatment for a 
poor deltoid for ten months after the onset, at which time muscle 
training was started. A platform splint was applied one year after 
the onset The poor deltoid showed no change during the first rinht 
““S3 of treatment, but to the not rfx months it Improved to n 

mCwTZt^’ ^ " f " r ** “ d t»«t- 
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No physician will ever see a case of infantile paralysis for the 
first time without being asked what the outcome is going to be. It 
is a difficult question to answer at the first examination. 

The parents can be told that some power will be regained in those 
muscles which are only weakened, but it is impossible to say just 
how much at this time. No prognosis can be made about the muscles 
which appear to be completely paralyzed, except that about 50 per 
cent of completely paralyzed muscles do regain some power, some 
of them even recovering normal strength if properly treated. 

As to the general outlook for the patient, It is well to keep in mind 
that practically every patient will show some improvement under 
proper treatment, and that it is impossible to tell bow much until 
it has been tried. It can always be said that a patient with good 
arms can be made to walk with the help of braces and crutches, 
even if both legs are useless, and many patients with badly weak- 
ened arms and trunk in addition to helpless legs can be taught to 
walk for short distances in apparatus. If serious deformities are pre- 
vented, there should not be more than a few patients out of any 
thousand cases of infantile paralysis who are too badly paralyzed 
to be taught to walk with apparatus. 

A person without experience with large numbers of cases will do 
well to avoid the mistake of telling a patient that he can never walk 
again, for the probabilities are that the statement Is not true and 
the effect is to discourage any effort toward recovery. 

As has been said before, it can be told rather definitely at the end 
of a year what permanent inequality of muscle balance about a 
joint Is going to exist. So at this time tendon transplantations to 
reestablish an even balance of power about a joint may be con- 
sidered for the improvement of function. Among the most common 
transplantations used in the foot are the following: 

1. Setting the tendon of a peroneal or an anterior tibial muscle 
forward into the dorsum of the foot to strengthen dorsifl exion, in 
cases of equinus. 

a. Setting the tendon of the peroneus longus In the inner side of 
the foot when weakness of the tibial muscles allows strong peroneals 
to hold the foot in valgus. 

3. Setting the anterior tibial tendon to the outer side of the foot 
when there Is weakness of the peroneals and a tendency to varus 
position on account of greater tfblal strength. 

4. Setting the peroneals, posterior tibial and sometimes the long 
toe flexors also directly into the os calcis to give them a stronger 
pull in plantar flexion when the gastrocnemius and soleus w eakness 
has allowed a calcaneus to develop. 


There are other combinations used, but no rules can be laid down 
because all transplantation operations must depend on the relative 
strength of the different muscle groups affected by the operation. 
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to Improve the function of the shoulder are of little use if there is no 
poorer to use the hand or elbow. 

Apparatus 

Apparatus has two purposes in the treatment of infantile paralysis — 
to allow locomotion, and to prevent or correct deformity. 

Provided that a child is making satisfactory gain under muscle 
training, it is our policy to keep him off his feet as long as possible 
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After transplantation the muscle must be reMucat^to 
its new function and must be protected from fatigue, stretching and 
faulty weight bearing as carefully as any weak muscle. 

The success of the operation depends largely upon a 
mate of the strength of the opposing muscle groups. Musdea of w 
than fair powers do not, as a rule, function successfully in a** 
position. On the other hand, the transplantation of a str °ogmi^c 
may so weaken the strength of its original group that overarrectw 
results in the production of a second deformity, the reverse ol 
original one. , , jWnt . 

Various transplantations may also be done at the knee and mp 
improve function, provide greater stability for the joint, oc KB® 
limps. The function of the thumb, hand and elbow may 
be improved by transplantations. Those done at the shoulder 
not been particularly successful. , 

Besides tendon transplantations, bone stabilizations must t* 

In many cases. The object of a stabilization operation i is to 
motion between certain bones, so that they will be joined ^°8 e rTj 
In the correct position by bony union. This operation Is , 
when hied deformities have occurred on account of inefftcien 
treatment which has allowed bony changes to take place arc* 
articulating relation between bones has been changed, 
operations may then have to be performed to replace the P 3 
normal position as well as stabilization to hold it In place unoo 
weight bearing. 

In these cases the after-treatment must be entirely different^ 
that when transplantations alone have been done, because desW^® 
mobility In certain directions also prevents the action of 
muscles. Very often the stronger muscles are utilized by transpiao 
them at the time of the stabilization so that they can assist In v* 
action of the remaining joints. n 

Arthrodesis of the shoulder joint is an operation which d«trt^ 
motion in the joint and unites the humerus with the scapula. It 
give the patient better use of his arm provided that the muscles 
trolling the scapula are strong and that he already has good ‘“”‘2°? 
In Us hand and the ability to flea his elbow in at least halt suptorf 1 ®; 
i which a bony operation should be performed 

left to the judgment of the surgeon. Lack of firm union or disturbed 
of growth from injury to the epiphysial centers may follow If *» 
too early an age. J 

The question of bone lengthening should be discussed with 
patotTdto to more thm two hKie, of shortening in sleg. , 

The prnctM I value ot any operation should be carefully esUma^ 
belore It b advised The oiject. should be to correct deformity , £ 
improve Mobility end lessen the amount of apparatus needed, or defr 
nltely to Improve function when other meanshave failed. Opera*® 5 
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to improve the function of the shoulder are of little use If there is no 
power to use the hand or elbow. 

Apparatus 

Apparatus has two purposes in the treatment of infantile paralysis — 
to allow locomotion, and to prevent or correct deformity. 

Provided that a child Is making satisfactory gain under muscle 
training, it vs our policy to keep him off his feet as long as possible 
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even though he may have fair power in his leg3. It is not good policy 
to continue this restriction Indefinitely on account of the general con- 
dition, however, and most patients with any severe involvement of the 
legs start walking before it 19 advisable for them to do so without 
support. Many other patients in clinic practice cannot be kept off their 
feet even though they would benefit more from the rest if it were 
possible. 

In any case, after six or seven months, it Is generally advisable to 
allow getting up on the feet for the effect on the general condition and 
the morale, even though the length of time daily may be restricted. 
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Cases which have not been responding to treatment after six or tens 
months should also be started walking lor the same reasons. 

It is very important, however, that they should not be sHotto to 
stand without supporting apparatus, if in so doing the knee, iooi or 
leg is held in a deformed position. If nny marked degree of uBtqtnl 
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Apparatus 

For calcaneus or equinus without lateral deformity of the foot, a 
simple caliper may be used with anterior or posterior flanges on the 
shoe socket to prevent dorsiflexion or foot drop as the case may be. 

A sole-plate brace with straps or a leather anklet should be used to 
hold the foot In normal position if any lateral deformity exists. The 
ankle Joint may be so constructed that it checks either dorsiflexion or 
foot drop according to the muscle balance. 



Fm. j 6 — Eiriy tcnJWi* dne to weak Fro *6*. — S*me mu u Fig. 16, wtth 
Uienl ibdomlnjJ rot»do». eorrecdye cutu conrt with qo»dri[*tend 

p«d. 

A high heel, either of cork inside the shoe or an elevation on thl 
shoe itself, helps to take the strain off a weak gastrocnemius. 

Tipping the shoe by an elevation of an eighth-inch to a quarter-inch 
on the inner border of the heel helps to take the strain off the tlbial 
muscles and correct pronation; and, if necessary, a leather inner sole 
with a felt pad under the arch can also be used with a caliper brace. 

An elevation on the outer border of the heel, or of the sole of the 
shoe, will help to correct a tendency to roll the foot in. 

Cases with weak quadriceps usually hyperextend the knee and re- 
quire a long brace reaching to the groin with straps at the knee to 
prcvmt IU Bering weight la put upon it, and also to prevent its 
being thrown back Into hyporextouion. A knee joint to allow greater 
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comfort in sitting may be Incorporated If the brace Is built of In 
metal, but should be locked In weight bearing. 

The lower end of the brace may have a foot plate or be of the cator 
type, os required. 

Cases with weak abdominal muscles should have a stout, 
corset made before they are allowed to sit up. Weak 
allow the body to tip to the side, with danger of causing a *cflasj. 
The corset is also an aid In getting the balance on starting to will » 
well as an agent to prevent deformity. 
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In cases of severe weakness of the neck muscles, a collar should be 
worn to keep the head in the normal position. 

Weakness of the deltoid muscle of the shoulder should be supported 
in abduction by a platform or aeroplane splint If the arm is allowed 
to hang at the side, this muscle will become stretched from the drag of 
the arm. A sling is not as beneficial, because it favors the development 
of adduction contractures and does not hold the deltoid in the most 
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favorable position for recovery. The spHnf should be boflt wHhiJobt 
at the elbow so that the forearm may be flexed if the bicep* i* wwler 
than the triceps, or held in extension ff the triceps fa weaker. Free 
motion may be allowed if the dhow and hand muscles are good. It b 
desirable to have the forearm supported In neutral position balln; 
between flexion and extension, rather than in lull pronatiom 
A hand splint should be applied if there is lack of balance bet arcs 
the muscles at the wrist or in the hand. 

For useful hand function, ft fs necessary to have the ability to |rup 
vritb the fingers flexing at all joints, with the wrist in some ntcwVxv 
and the thumb must be able to reach the finger-tips. In buxMiflg * 
spit for a hand with a weak thumb, it fs important to remember fist 
uie function of grasping things requires a thumb with Us rwtaoflal 
bone nearly at a ri$it angle to the palm of the hand In j f« 
writing. The splint should be adapted to the muscle balance of U* 
hand, and at the same time consideration ahould be given as to whether 
a palmar or cock-up splint will most benefit the wrist 

lnese patients should not be sent to a brace-maker for wbitewr 
ype of stock brace he sees Fit to apply. The doctor fn charge of t* 
case should dedde what factors must be incorporated in the bract ■ wj 
must then supervise it personally to Insure its doing the work desired* 


Physical Therapy Treatment 

application of some form of external beat shook* be 
infantile tv-,^ , f of the physical therapy treatment 
SIuKirlsh p4t ^ cnt w hose muscles are extensively Jnvriwd- 

co,doe5a of affected extremities are 
best work 15 known that muscles cannot perform tbth 

muscIS are^K? 1 ? 7 w coId ' U frequently happens that wy 
cold so It Is Rn F movement whatever when they *rt 

Shd^ if fteSS more benefit will be received from the 
circulation thtm5k\i? 4 ^^Highly wanned first. The Increase ofw 
don of hrnlTval part from the local app^ 

fiber, and l* h «P the nutrition of the muscle 
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spectrum, ThSe*^* (oh??. ^ ^ mfra-red wavelengths of tw 
Infra-red bakers, Uucc *k. _ J? Particular advantage from using *7^ 
the skin will tolerate buftw fitv* °ff as much I** 1 ■ 

idea that visible n ®Watoiy research seems to confirm w 
choosing a radiant !«*. tLv** more Penetrating than ifllra-r«. 
constructed that the ray* rirTr^’ carc aboidd be taken that it « * 
is sometime* the cnxe to n Incus at a burning 

TOe tbr single bulb types. U&* 
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baker* holding a number of bulb, will be found 

with extensive involvement. The hanging type _ *** 

to the desired height above a tahle, over which is «« 4 » *** 
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blanket, and the three or (our small children placed inade 
are thoroughly tvarmed all over fn ten or fifteen n™cm w the 

The writer believes that there is no advantage 
use of medical diathermy as a means of P roda 2i ivartjwti 
ment of infantile paralysis, and there are pra^a ^ 

cases of extensive paralysis on account of the r ^ ©e, 

The danger of bums is also greater with » rna ^ 1 
hot blankets can be used, if no other form of hea 

Massage. — -The physiologic effects o I massage are ^ 

of heat, fn that both increase the blood »uppjy eJCtC j * or 

metabolism. In addition, massage is a form 01 pass* rmsdes 

manipulation of muscles which tends to P r « v *® 1 ? ,» loox 

which are not normally active. Massage is fadgui S cola 

periods of time or with much force In &n effort .w^co tl* 
extremities. The preliminary use of beat will be ll *?V,„u Qn m'tbccrt 
time required for massage and to increase the 
fatiguing the muscles. It should always be borne m mi ^ 
in Itself does not Increase muscle power, and mat macaKc 
not constitute adequate treatment of weakened muscles- ^ 

The technic of giving massage is also Important. 

Improperly given, harm rather than benefit will rw [ a V_,i«- the *ts*‘ 
The pressure should be very light in order not to o ^ ft** 
ened muscle fibers, and the muscle should be raised —jjeken tbe 
rather than flattened down on it Only enough pressure i u w 
blood circulation Is needed, and no benefit occurs from ^ ^ tbe 
force. The direction of the pressure should be the some 
venous circulation and should never 

kneading are the two manipulations most helpful for ^ j. ( 0 ti* 
friction may be employed around contractures in aclcu . ^ 
definite stretching of the contracted tendons. There seems ^ £^^5 of 
of harming atrophied paralyzed muscle fibers by the ^ sharp 

percussion Intended to stimulate nerves and muscle » DCT V 
blows. The greatest care should be t aken to prevent bring ^fte 
the atonic muscle fibers by too heavy handling. Massag®. . coc^ 
manipulation of the tissues, which should leave them i^* rX rr- 
tion lor the voluntary efforts at movement— the so-can* 1 
cdses — which are necessary to develop strength. in the 

The author personally prefers the Hoffa technic of the 

treatment of infantile paralysis, because a point is made oi ^ 
Individual muscle group separately and following the direct^ 1 
muscle fibers with the stroke, which Is always a continuous 
pressure Iran the distal to the proximal end. 
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Muscle Training * 

By muscle training we mean the localized action of certain definite 
muscles or muscle groups — the attempt to exercise and develop certain 
muscles, without at the same time bringing Into play other muscles 
whose action is, for some reason, undesirable. The object Is a more 
localized action than that involved In the so-called corrective, or 
individual, gymnastics. 

Muscle training b especially useful in the treatment of infantile 
paralysis. Some years ago, patients with weakened leg muscles were 
encouraged to be as active as possible, the theory being that exercise 
strengthened the muscles. Exercises were given to bring up the strength 
of the weakened leg, without much thought being given to what par- 
ticular muscles were performing the exercises or what degree of weak- 
ness existed In individual muscles. The fact that fatigue increased the 
weakness in already weakened muscles was not considered, nor that 
a patient always tends to perform a movement by using the strong 
muscles rather than the weakened ones. 

Some of the points in the physiology of muscles which have a prac- 
tical bearing on muscle training are as follows: 

Each muscle Is made up of many muscle fibers. Action or contrac- 
tion of a muscle makes the individual fibers shorter and thicker, and 
causes a chemical action with resultant waste products. These are 
normally removed by the circulation of the blood, and fresh blood is 
brought back. This is helped by the mechanical pumping action of the 
musde fibers and joints on the blood vessels. If the circulation is not 
good, there is an accumulation of waste products with a resulting loss 
of muscle power. Exercises should be given in sufficiently slow rhythm, 
and time enough allowed between counts for recovery of the muscle. 


Dr. Shepherd L Franz, in bis book, "Nervous and Mental Re- 
education,” states that “the complex nervous adjustments are made not 
only at the time a special exercise is taken, but also in the period of 
rest which follows one exercise and which precedes the next exercise.” 
He also insists on the full arc of motion being made each time, in order 
to get the full mechanical effect of the joint action on the circulation. 

The full arc of motion is also desirable in order to establish the 
habit reflex and obtain better codrdination of the nerve centers through 
frequent repetition of a normal movement 
Passive movement Is useless in restoring muscle power There must 
be attempted voluntary movement until active movement is achieved 
A musde can perform more work when the contraction fa started 
from the stretched position than if the musde fa already partially 

•The mike cm Wu»cW Tnfailn* tui bem »mnctd br 10a n n, m r u 
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contracted as movement Is started. The muscles develop best whs 
they are given all the work they can do without fatigue. 

Beevor, In his lecture on “Muscular Movements and Their Rqn- 
sentation in the Central Nervous System," states that a masdt rar 
take part In two different movements — for instance, the biceps, «w 
acts with the supinator brevis as a supinator, and also takes part with 
another group of muscles in flexion of the elbow. He states flat it h 
possible that if one of these movements be lost owing to an orgmx 
lesion of the central nervous system and not the other movement, tie 
bleeps, which takes part in both movements, may be paralysed fer 
the one movement and not for the other. 

Whenever free exercises are given In the effort to strengthen 
Individual muscle, other muscles are Involuntarily contracted by ut 
patient in the effort to localise the movement' Beevor eipkfis 
synergic muscles as follows: 

When a muscle in pawing over two or more Joints has two or n*x* 
different actions, then If only one of these actions be required, ot 
muscles are brought into the movement whose actions are ant ***rvf 
to those of the muscles which are not required. The mu sdc* 
are brought Into action to neutralise an action which is not rc ^“. 
are called synergic muscles. Example: wrist flexors come into 
action to prevent extension of wrist when extension of Angers a*** 
required. The antagonists are the finger flexors which relax during 
movement of finger extension. 


The general purposes of muscle training in poliomyelitis are- 
i. To maintain and improve the circulation and nutrition. 

muscle tone and prevent degeneration and fltropnj 

of mucle fiber, from dlsuM or from joint adhealoo,, in cue vbm & 
^PPly Is partially or temporarily interrupted. __ 
up tone in muscles whose nerve supply has betffl 
'"TvZSSSF ““ ptT,od 01 *™n.bency or dhra* , , . 
tlnn of the rmT 16 * ^o^loing nerve center, where partW w 
habit— whfle C ?| t 'iw ““bxilUng a part ha, occuueS- 
which arc f^ e f** 0 * time developing the fiber, of the ^ 
the entire mtBde UnCU ° ning Dormall y> thu, Incrcuing the strenji 

5- To derelop cobrdhiatlon and control. 

brought ^out^tia^need*? foIIo ’ n ' n fI the epidemic In Vermont, Jo 
miucle, end nnaS 1 i7b?’ ,TO ^ 1Un * thl! c^mlnatlon ° f yjjj 

work vra, done by Mb, wT rwti'l p 'iT n for tb< ^, 

ant. In itprd, theKew York ^rtV sht ’ P r ' Robert W ' den* 
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The routine of examining and grading muscle strength and the 
positions used in giving exercises to the different muscles according to 
the amount of power found upon examination will be described accord- 
ing to the system In use in the Harvard Infantile Paralysis Commission 
Clinic at the Children’s Hospital, Boston. The method Is based upon 
the work of Dr. Lovett and lliss Wright, as described in “The Treat- 
ment of Infantile Paralysis” by R. YV. Lovett. 

It seems almost unnecessary to state that some system of grading 
muscle power is necessary in order to follow the progress of the 
different muscles under treatment. Since we are working for the 
restoration of function, It seems most natural to grade the strength of 
muscles according to their functional ability. Then when we have 
clearly charted the relative functional strength of the different muscle 
groups, it is an easy matter to pick out the exercise positions best 
suited to the amount of power found. No one would attempt to 
strengthen a child with normal muscles by asking him to perform 
some stunt entirely beyond his strength, yet it is not uncommon to see 
infantile paralysis patients being urged to perform some exercise which 
Is equally impossible for the partly paralyzed muscles. This may have 
very serious results for several reasons. In the cases of muscles so 
barfly paralyzed that they can only start the movement, it often hap- 
pens that after they have become fatigued by a number of efforts, 
they can no longer even start the movement, and this loss of their 
previous ability may persist for several days. There have been instances 
where returning power in the toes has been so damaged by over-use 
that it has been lost permanently. 

In other cases we see too hard an exercise position chosen, which 
causes an attempt to reach the desired position by rotating the Hmb 
and substituting stronger muscles. This does not strengthen the muscles 
for which the exercise was intended. 

Frequently, the relative strength of opposing muscle groups is dis- 
regarded, and we hear such remarks as, “No, he can’t push it down 
much, but be pulls it up fine, so I let him do that, and then I put it 
down for him.” In other words, an exercise intended for the extensors 
has become an active exercise for the stronger flexor group and only 
passive motion for the extensors. In this way the unequal balance of 
power about the point tends to become still more unequal as the 
stronger flexors Increase in power under exercise and the extensors 
are neglected, and the danger of producing a deformity due to unequal 
pull becomes steadily greater. 

The general rules for muscle training are: 


x. Avoid overfatiguing a muscle by overtreatment, by performing 
a movement rapidly or too many times. 6 

3. Make each movement a voluntary active one performed by the 
(Wltat In response to a stimnlus. If no power Is present tie patient 
should attempt the motion with concentration while the operator 
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carries out the motion “with help.” The patient should be bstractri 
not to return the part to the starting position, but to relax altcr od 
effort and allow the operator to do the return movement pssivtly. 

3. See that the full arc of the motion Is obtained each time. II 
necessary, help should be given In completing the arc, being cartful to 
allow no pause at the point where the patient’s' strength gives otL 

4. Localire the exercise by fixing the adjoining parts of the body jo 
they will not take part In the movement This Is both to Insure®^ 
mum concentration and effort in the desired action, and aho toprcrw 
substitution of other muscles. It Is better to give one movement u » 
time than a combined movement of two parts at the same tin*,*-® 
if It is desired to give both flexion and extension exercises to tnenme 
joint, it is better to give them as two exercises with a rest bet 
rather than have the patient attempt to exert his mixmann 
during both parts of the exercises. Passive replacement of toe pm 
gives a chance for recovery before the next effort 

5. Give resistance, to develop strength wherever possible, it 

not be given untfl the muscle is able to complete the arc 0 
unaided, and If given, It should always be a little less than that 
would stop the movement or make It jerky, and should be grtau* 
to leverage throughout , u 

6. Radiant heat with massage Is desirable before the tree 
given, to start the circulation and make the muscle give a 
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number until it can be done ten times vuimm* .»«©— ^ 

treatment, including the massage, takes from twenty nUnuto 
hour, depending upon the extent of the paralysis. It Is 
whenever possible to have two short exercise periods a day rather 
one long treatment. 

. ^Unt or apparatus is removed, care shoxildbe tai^J, 

to allow the part to hang, and no stretch or strain should be W 0 * 0 
which being kept shortened in the splint 
^ 9 * P® rt w hich is being exercised uncovered 
n Po^ible, bo alone with the patient in order to secure 
enure concentration. 


ot mu3do training b an exact knowledge of u®** 
rdSi™ "St*- and actions. Thb b necessary fn*£ 

2 whlrih 111 ara rraatenod, how they may be 

“ tnny be trained to £2 the place d 
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Our standard classification for grades oi power is: 

Gone — no contraction felt. 

Trace — muscle can be felt to tighten, but can not produce movement 

Poor — produces movement with gravity eliminated, but cannot 
function against gravity. 

Fair — can raise part against gravity. 

Good — can raise part against outside resistance as well as against 
gravity. 

Normal - — can overcome a greater amount of resistance than a “good” 
muscle. 


The second preliminary to muscle training is an Intelligent decision 
regarding which muscle groups are to be strengthened. This is deter- 
mined by: 

(a) The presence of deformity or permanent contracture of the 
muscles. It Is obviously unwise to strengthen muscles that are causing 
deformity or that are already contracted. 

(b) 'Hie likelihood of causing deformity. In the presence of unequal 
balance of power about a joint. It ia unwise to strengthen a muscle 
which already overbalances its opponent if this is likely to cause 
deformity. 

(c) The relative importance of weakened muscles in regard to useful 
function of the limb, walking, correction of a limp, etc. The danger of 
fatigue from too many exercises should be borne In mind. 

The third preliminary to muscle training is a knowledge of the type 
of exercise best suited to the amount of power remaining in the muscle 
to be developed. 

There are three general types of exercises: 

a. Those against gravity. 

b. With gravity eliminated or neutralized. 

c. With help of gravity. 

There are three methods of giving an active or voluntary exercise: 

a. With assistance. 

b. Unaided or free. 

c Against resistance. 


Type a, exercises against gravity, arc suitable for fair and good 
musdes. 

Type b exercises, with gravity eliminated or neutrabied, are suitable 
for poor mnsdes and may be given In any one of the three ways named 
or “> «*’ 
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carrio out the motion “with help”. The patient should be tamed 

effoifarld^p th \ psrt t0 tie starting position, but to rdu alto a4 
effort and allow the operator to do the return movrnat ns**. 

„ Jh the full are of the motion is obtained rath do*. H 
eceasary, help should be given in completing the arc, being cartful to 
ow no pause at the point where the patient’s’ strength give* oot 
f kZ' Ij ^ aflze ^ ^crcise by fixing the adjoining parts of the body 10 
cney will not take part In the movement This is both to Insure mnh 
.concentrai don and effort -In the desired action, and also to prevail 
i f mo ° n 0t ^ CT mu 3cles- It la better to give one movement Jd i 

if it °° mblne d movement of two parts at the same time; vA 

Wnf u t0 8)76 l* 0 ** 1 fle3don and extension exercises to the tar* 
rofK ' si, 5 t ^ £ (vc as two exercises with a rest betxrcu 
j,, . r ^ UiVe patient attempt to exert his maximum eficrt 
• _ 8 both parts of the exercises. Passive replacement of the put 
£ I ctuu, “ for recovery before the next effort 
Tmt k- ^ res I*tance. to develop strength wherever possible. It 

mu3c ^ e fs able to complete the arc of nwticn 
eVen ’ il 5110111(1 alwa y9 be a Httle less than that wWd 

to W^thmuXr 1 ' ° r U jcrky ' ahouM ** ^ 

**. th niQ5Sa 8« hi desirable before the treatment k 
response. 1116 arcu l flt ion and make the muscle give » bdlre 

best toW^h trCa ^f Dt 15 8:1 ven oncc a day, days a week It fa 
number until it C * CT ? 3C done twice, at first gradually hureasir$ti* 
trSSSnt J? d0ne times wilSut fatigue. The whofc 

hour: depending ° S *** maisa £ e > takes from twenty minutes to ifl 
tbe of the paralysis. It is pref**^ 

one long treatment. 0 8bort cicrc l 3c periods a day rather than 

to allow k removed, care should be takrnw* 

on the muscles no 9tretc h or strain should be aw** 11 

9- Always have ke Pt ^ortened in the splint 

,0 - If possible, be “ beln 8 exercised uncovered, 

entire concentration. ^ Patient in order to secure hh 

The Inundation of mt, i , 

anatomy, the origin, } n ~2f train lng is an exact knowledge o! m** 
to determine which miSS. 008 ^ flclion ®- This is necessary in <*** 
coed, and which muscle Y^* 0 **' how they may be 
weakened ones. ^ trained to take the place of 

The fint preliminary fn 

mine the exact amount of tuning fa an examination to d*** 

For this it is ncceuan. «^tlng in tbe difTerent muscle 

for obtaining response andnSu* ? ta °*ledge of the easiest 
™ on fr ° m very weak muscles. 
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Our standard classification for grades of power is: 

Gone — no contraction felt 

Trace — muscle can be felt to tighten, but can not produce movement. 

Poor — produces movement with gravity eliminated, but cannot 
function against gravity. 

Fair — can raise part against gravity. 

Good — can raise part against outside resistance as well as against 
gravity. 

Normal — can overcome a greater amount of resistance than a “good” 
muscle. 


The second preliminary to muscle training Is an intelligent decision 
regarding which muscle groups are to be strengthened. This is deter- 
mined by: 

(a) The presence of deformity or permanent contracture of the 
muscles. It is obviously unwise to strengthen muscles that are causing 
deformity or that are already contracted. 

(b) The likelihood of causing deformity. In the presence of unequal 
balance of power about a joint, it Is unwise to strengthen a muscle 
which already overbalances its opponent if this is likely to cause 
deformity. 

(c) The relative importance of weakened muscles in regard to useful 
function of the limb, walking, correction of a limp, etc. The danger of 
fatigue from too many exercises should be borne in mind. 

The third preliminary to muscle training is a knowledge of the type 
of exercise best suited to the amount of power remaining in the muscle 
to be developed. 

There are three general types of exercises: 

a. Those against gravity. 

b. With gravity eliminated or neutralized. 

c. With help of gravity. 

There are three methods of giving an active or voluntary exercise: 

a. With assistance. 

b. Unaided or free. 

c. Against resistance. 


tmSS *’ mTdx> again3t gravil 5'’ suftaWe for fair ard jprtf 

Type b exercises, with gravity eliminated or DcuIrtHrM 
for poor muscles and may be given in any om* nf tWh m sazmie. 
Le„ with ajshfai.ee. unrfded ^ the three nfa; 

strength of the muscle ' ***£=? ® 
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Type c, exerdjM with the help of gravity, mut bt g™«^ 
ffident resistance to equal or support the weight of the lunb, '****' 
ise the part either will drop without the desired muscle acotm, a 
5 lowered by the opposite group. 

In examining to establish a grade, It is first nec f i5a ^ u !° iIv j 
hether the movement can be performed in a 
■XL whether the muscles can also overcome resistance wWtepen 
g the movement The determination of whether the sW. 
mod” or “normal” can best be told by having the rTl— 

sition while the examiner pulls until the muscles 
Indple used in the spring-balance muscle test as originally , 

Lovett and Martin. Considerable experience with pauem 1 ^, 
t ages Is necessary to make this differentiation between gooa 
rmal accurate, but the presence of some normal muscles 
■ sistsnee In making the decision. . , L,,Jnr 

In giving exercises, it is not advisable to make a practice 0 . 

e patients bold the positions until their strength is ovtr ? t *TLv on n 
xnminlng, for thl» Is fatiguing. It is better to have the n ? ui< "J 3 j*L T ^ 
e movement against a graduated resistance, which snotuu , 
reat enough to prevent the movement from being cattwi 
raoothly. 

In the following description, it Is to be taken for granted taxi- 

(a) Help is given to finish the movement whenever the muscles 6Tt 
unable to do so; 

(b) The part is to be guided so that the movement is I** 
correctly; 

(c) The instructor replaces the part in the starting poslUoa a 
each effort; 

(d) Resistance Is to be given whenever the muscles arc 
enough to overcome it 

Since the positions used In examining muscles to determine 
strength are often the tame as the positions used for giving f***? 
to those muscles, the description of both will be given under theW£ 
Ing of the movement performed. The muscles which are in a P 0 * 1 
to help with the movement are listed under each heading. 

Hip Extenslon.^Gluteus maximus. Gluteus medlus and mining 
Hamstrings. Adductor magnus. 

Examination. — 
i. Prone lying. 

>* abl ' 10 the leg from the htWe^* 
lbt in fine with the body. G 00 ^, 
TJ?£T7t houl < ) >* able to do this ogatat da"?*"? 
f? m,ln ' T - and Jhould bold the relied 
l^e t^e^^.% P'^rure rfveo on the thigh above <* 
Vnee to teexen the participation of the hamstring mujdea 



Muscle Training 


ci*n*r 11 47 

v*m»* nJ ** 

2. Affected aide lying, with the knee drawn up to the cheat Poor 
muscles — should be able to perform at least part of the movement 
of pushing the thigh down and back into extension, and may be 
able to complete the movement even against some resistance, but 
cannot raise the leg against gravity In the prone position. 

Exercises. — For good or fair muscles. 

i. Prone lying, patient raises leg in air with straight knee. 

a. Prone lying with the legs hanging over the edge of the table, 
patient raises leg to horizontal. (This position will lessen the 
amount of movement occurring in the lumbar spine.) 

For poor muscles. 

3. Affected side lying with the underneath knee drawn up to the 
chest, patient pushes the thigh down and back Into extension. 

4. Patient lying on his back with the leg supported in the vertical 
position— pushes his leg down to the table against the resistance 
of the instructor’s supporting hands. The knee should be kept 
straight throughout to eliminate effort at knee extension. 

5. Opposite side lying with the affected leg supported in the instruc- 
tor’s hands— same exercise as in No. 3. 

Hip Flexion.* — Psoas major and iliacus. Rectus feme r is, Sartorius. 
Adductors longus and brevis. Pectineus. Gracilis. Obturator 
extern us. 


Examination. — 

1. Sitting erect on edge of table, legs hanging. 

Fair muscles — should raise the knee to the chest 
Good or normal muscles — should do this against a good deal of 
downward pressure. A tendency lor the thigh to Bex or hold in 
outward rotation signifies greater strength in the sartorius than 
in the other muscles concerned. 

3. Affected side lying. 

Poor muscles — should be able to perform at least part of the 
movement of drawing the thigh up to the body. 


Exercises. — For good or fair muscles. 

1. Sitting erect on edge of table— patient raises the knee to the 
body, without tipping the body back or rotating the thigh. 

2. Lying on the back— patient brings the knee up to the body. 

For poor muscles. 

3. Affected side lying, patient draws the knee of the underneath lev 

up to the body. 6 

4. Prone lying with legs oS the end of the table— the leg Is maned 
at the ankle and raked to boriaontal-pattent then f3la the liee 
down and under the table, gravity helping. 
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Type c, exercises with the help of gravity, must be given against 
ifficient resistance to equal or support the weight of the limb; ether- 
ise the part either will drop without the desired muscle aetko, or win 
: lowered by the opposite group. 

In e x amin ing to establish a grade, it Is first necessary, to knOT 
h ether the movement can be performed in a certain posdm, and 
ext, whether the muscles can also overcome resistance while perfonn- 
ig the movement. The determination of whether the strength b 
good’' or “normal” can best be told by having the p at ie nt bold the 
osition while the examiner pulls until the muscles yield — thens* 
rlndple used in the spring-balance muscle test as originally desmb« 
y Lovett and Martin. Considerable experience with patients ofdniei' 
nt ages is necessary to make this differentiation between good 
ormal accurate, but the presence of some normal muscles is often an 
sslstance In making the d ecisi on. . 

In giving eierdses, it is not advisable to make a practice of having 
he patients hold the positions until their strength Is ovrrconie^xs 
ia mining, for this Is fatiguing. It is better to have the muscles p®* 
he movement against a graduated resistance, which should nev'er 
[Teat enough to prevent the movement from being carried thnrag 11 
moothly. 

In the following description, It is to be taken for granted that- 

(a) Help Is given to finish the movement whenever the muscles *** 
unable to do so; 

(b) The part fa to be guided so that the movement fa peffonwo 
correctly; 

(c) The Instructor replaces the part in the starting position flfW 
each effort; 

(d) Reaistance is to be given whenever the muscles are 
enough to overcome It 


Since the positions used in mmlnlr . muscles to determine 
strength are often tbe same as the positions used for giving 

^ deKri Pdon of both will be given under tbetad; 
tn^ln^ih’rh'®'’’ 1 p ' rfonMd ' Tbe muscles which are In a prdtl® 
to help with the movement are lhted under each beading. 

H ' P nu “ ln >'“- Glutens medius and tnlntaB- 

Hnmstrtngi. Adductor magnus. 

Examination. — 


i. Prone lying. 

Fair muscles— should 


straight W n ll ljc , flble to raise the leg from the 

SSm. rZdbT’ff S' I'* In line with the body. Gen « 

•» watan cn&'Kr’ * 
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3, Affected side lying, with the knee drawn up to the chest, Poor 
muscles — should be able to perform at least part of the movement 
of pushing the thigh down and back into extension, and may be 
able to complete the movement even against some resistance, but 
cannot raise the leg against gravity in the prone position. 

Exercises. — For good or fair muscles, 

1. Prone lying, patient raises leg in air with straight knee, 

2. Prone lying with the legs hanging over the edge of the table, 
patient raises leg to horizon tab (This position will lessen the 
amount of movement occurring in the lumbar spine.) 

For poor muscles. 

3. Affected side lying with the underneath knee drawn up to the 
ches t, patient pushes the thigh down and back into extension. 

4. Patient lying on his back with the leg supported in the vertical 
position— -pushes his leg down to the table against the resistance 
of the instructor's supporting hands. The knee should be kept 
straight throughout to eliminate effort at knee extension. 

5. Opposite side Tying with the affected leg supported In the Instruc- 
tor's hands — same exercise as in No. 3. 


Hip Flexion.* — Psoas major and fliacus. Rectus femoris, Sartorius. 
Adductors longus and brevis. Pectin e us. Gracilis. Obturator 
extern us. 


Examination. — 

1. Sitting erect on edge of table, legs hanging. 

Fair muscles — should raise the knee to the chest. 

Good or normal muscles— -should do this against a good deal of 
downward pressure. A tendency for the thfgb to flex or hold in 
outward rotation signifies greater strength in the sartorius than 
in the other muscles concerned. 

3. Affected side lying. 

Poor muscles — should be able to perform at least part of the 
movement of drawing the thigh up to the body. 


Exercises. — F or good or fair muscles. 

1. Sitting erect on edge of table— patient raises the knee to the 
body, without tipping the body back or rotating the thigh. 

2. Lying on the back— patient brings the knee up to the body. 

For poor muscles. 

3. Affected side lying, patient draws the knee of the underneath leg 

up to the body. & 


4- Prone lying with legs off the end of the table— the leg Is irrasned 
at the aokle aod raLvrf to boriiontal-patient then jxSlj the k«e 
down and under the table, gravity helping. 


. nip arte »t b. a ^ ^ ^ 
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5. Opposite side lying, with the affected leg supported hi the in- 
structor’s hands—same exercise as in No. 3. 

duction. — Gluteus medlus and minimus. Gluteus maxim us, upper 
fibers. Sartorius, and the small outward rotators of the hip, when 
the hip is flexed. Tensor fasciae femoris. 

Examination. — 

1 . Lying on the opposite side. 

Fair abductors should raise the upper leg In the air through the 
normal range of abduction. 



F* 0 A3 — Gutftnj hip abduction. 


The Rtreerrth* ‘?°^ d do so against domnward pressure. |[ 
“I , th ' 't®* fasciae femoris Is obtained bettn 
,, fa «ome fledon, while the action Is mom P“™ 
«St. H ' kept 10 the body, nnd the ko« 

IfR "5ft 1 lhe ’'DSOT fasdae femoris am bold yj 

to finl*h the f ,n i " 1 1 at a bout a horizontal level but Is n 

fut^^^Muethm wittoat to P«« * 
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Exercises. — For good or fair muscles. 

i. Lying on the opposite side of the body, patient raises the upper 
leg in abduction. 

For poor muscles. 

a. Lying on the back, pelvis held, patient moves the leg out to the 
side, without rotation of the leg or flexion of the knee. Powder 
may be used to lessen friction, or the leg may be supported in 
the instructor’s hands. 

3. Prone lying — same exercise. This position requires more effort 
from the gluteal muscles and less from the flexor abductors. 

4. Sitting — abduction of the thigh, particularly suitable for the 
flexor abductors. 

Flexion abduction exercises should not be given if any contrac- 
tion of the tensor fasciae femoris exists. 


TEST FOR CONTRACTURE OF TENSOR FASCIAE FEIIORIS 

Patient prone lying, with legs hanging over the table edge. Exam- 
iner holds pelvis down with one hand and, with the other hand 
under the knee, grasps leg and raises the thigh in line with the 
body, until horizontal, and then adducts It. This position brings 
out a beginning contracture more dearly than when movement in 
tbe lumbar spine is allowed to take place. 

Adduction. — Adductor longus. Adductor magnus. Adductor brevis. 
Gracilis. Quadratus femoris. Lower fibers of gluteus maxim us. 
Pectin eus. 


Examination. — 

1. Lying on affected side, with other leg held up by ealamlner in 
position of abduction. 

Fair musdes should raise the under leg several inches from the 
table. 

2. Lying on the bock, with the leg out in abduction. 

Poor musdes should draw the leg in toward the other leg. 

On account of frequent substitution of tbe internal hamstrings 
the thigh should not be allowed to rotate outward, and the 
adductor tendon should be felt. 


Exercises. — For good or fair muscles. 

1. Lying on the affected side, patient raises the affected leg from the 
table, knee straight. 

For poor musdes. 

J ' S 8 T t . hc .^ ct k wl, l l th l Ie 8 1" aMuctlon, patient draw, 
the leg In to the other leg, keeping the foot pointing straight In 

3. Lying on the opposite side, with the affected leg supported In the 
air In abduction, patient pulls the leg down, gSv%Ss1„g. 
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S- Opposite side lying, with the affected leg supported in the in- 
structor's hands — same exercise as in No. 3. 

Abduction* — Gluteus medius and minimus. Gluteus maxi mas, upper 
fibers. Sartorius, and the small outward rotators of the hip, when 
the hip is flexed* Tensor fasciae femoris. 

Examination. — 

1, Lying on the opposite side. 

Fair abductors should raise the upper leg in the air through the 
normal range of abduction. 



JJ. — GtrUUnt hip abduction. 


do so against downward pressure. .» 
U* ° f , the teniOT fSiae {emori3 is obtained better it 

fduteSi If ^ome fledem, while the action is more pm** 

K3g“ ^ ,e 8 15 b*pt In ui with the body, and ttc to* 

leg Iridf that the teraor laadae feroorb ran Sj 

to (S « "bout a horizontal level but Is «* «“* 

“ lair potter ^ 

otleto'mc^'ie leg out to the ride. 
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k Lyiry «x the cp$v*ite *aio of the K\5y x patient riXn< the upper 
ky in abduction- 
For tvv* ru^cks. 

; x lyray on the bock. pelvis held. patient moves the ley out tv' the 
*k5e, without TCU&tt of the ley or fcevion of the Vree. lVw\Vr 
troy bo c«\! to lessee. friction, or tbo Wy ray bo auptvrtod in 
the Instructor* hands. 

t, Ftono lyxry— same evrrctse. This portion requires more effort 
from the yluteat muscles and less front the Sever abductors. 

4 . Sitting— abvbrction ot the thyh. particularly suitable for tbo 
Sever abductors. 

Ftrdon aNfuetkex evervises should not bo yivetx if any vve.trac-' 
tk-n of tbo tenser fasciae femotts exist*. 


WI TO* CONT*VCTVX* Of TTtCSO* TASCUV TTVOXtS 

Fatiert prone lyiny. with leys banting over the table edyc. F\ar> 
xr*r holds pelvis dcwtx with one hand and. with tbo other hard 
under the Vrxe. yra«ps Icy and raises the thiyh in lire with tbo 
body* until K'twrtal. and then adduct* it. This position briny* 
vet a beyinriny contracture more dearly than a hen movement in 
the bamhut spine is allowed to take place. 

Adduction. — .Vkluctoe loryu*. Adductor rnayr.u*. Adductor brevis. 
Oncitfs. t>aidratus femoris. Lower fibers of ylcttus mavimus. 
Fectintu*. 


EVVUXVVTtOV. — 

t. l.yiny on affected side. with other ley held up by evaminer in 
portion of abduavrx. 

Fax* muscles should raise the under ley several inches front tbo 
table. 

-\ Lvtny ocx the bach, with the icy cet in aXlwtxon. 

l\v* muvles should draw the ley In toward the other ley. 

On account ot Irequer.t substitution ot the internal hxmstriny*. 
tbo tMyh should not he alkwod to rotate outward. and the 
adductor tendon should he felt. 


VAvsctvr*. For own or rat* nuw'les. 

i Unny vox the aifevted side. patient raises the aikvted ley fixvn the 
table. Knee straight. 

For t\v* muscles. 

; '? v y "* w P |Mticnt dtv» 

ib^ li? ^ *” ^ V " T " ns ,lV! ^«i«S «raWtt in 

•'• Ti hf - CKwi '? w ' :h "* H' «.Tivrtol i n <v 

*'t m r»U« tv ws down. pnvilyk'SiM. 
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4 - Sitting on the edge of the table with (he thigh hi » bdocfa, 
patient draws the thigh into the other leg. 


internal and external rotation op the thigh 


There is considerable divergence of opinion among aalkridfl 
as to the muscles taking part in these movements, and ena&a- 
tion is generally unsatisfactory. This is because the small mush*, 
such as the gemelli, cannot be seen or felt to function, and t it 
other muscles can be more accurately tested in their (tac- 
tions. Furthermore, it is not uncommon to find a patient 
with his leg in external rotation, in spite of the fact that ho 
strength in internal rotation is apparently greater wbec hej® 
off his feet. Since the small hip-outward rotators arc 
supposed to abduct the thigh, when the bfp fa flered, 
rotate It out when the thigh is extended, some idea of ^ 
strength c*n t>e obtained by trying outward rotation in both P 0 ®* 
tions of the thigh. 


External Rotation.— 

Sarlortiu Posterior fibers of glnteus medios and mini® 


Adductor longus 
Adductor brevis 
Adductor cm go us 
Biceps 
Fyriformis 
Gemelli 

fMdratus fcmorli 
Obturator extern us 
end intern us 


Lower fibers of gluteus maximus 
Iliopsoas 

when thigh b in extension 


, {wot of D* 


Examwmto* and Exncra.— 

|™« ’ Ia wrr legs hanging. 

0U1M- ' houW tsiK rile lower leg across to 1 

musdes should roll the whole leg outward. 

!a5Cb ' fro,ori5 - Anterior fibers of I*’ 1 '® 


Ex £™ at, °» Exacts- 

’ lowe/k^u, ^hesldf^i, ,< T r hangin «’ P®' 1 '? 1 S^wh 

knees togetheT " y tmm Uie other leg while teepte* 
s. Lgng cm the back, pattent ^ roU ^ who , o ^ to Iron. * 
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EXTENSION 

Knee. — Quadriceps. 

Examination. — 

1. For normal strength in a child. Squatting In deep knee-bend 
position with all the weight on one leg, patient comes to the erect 
position by straightening the bent knee. Patient’s other leg and 
hands may be steadied by the examiner. This test is not suitable 
for adults or markedly overweight children, and gastrocnemius 
and gluteus maxim us strength are also required in order to attain 
the erect position. 

2. Sitting on edge of table, legs hanging. 

Fair muscles should raise the lower leg to horizontal, without 
thigh rotation. 

Good muscles should do this against downward pressure. It is 
difficult to decide whether this muscle Is normal, because sufficient 
force may be exerted against older children to raise the patient’s 
body from the table, without causing the knee to bend, and yet a 
history may be given of weakness shown in normal or athletic 
activities. 

3. Affected side lying, with the thigh held firmly in slight extension 
by the examiner, knee flexed. 

Poor muscles should be able to perform at least part of the move- 
ment of straightening the knee, and may be able to perform it 
against some resistance, but cannot extend it in the sitting posi- 
tion against gravity. 

Exercises. — For good or fair muscles. 

1. Sitting on edge of table, patient raises lower leg to horizontal. 

2. Lying on back with lower leg hanging over edge of table, patient 
raises lower leg to horizontal. (The additional tension placed on 
the rectus femoris In this position makes the exercise slightly 
easier than In the sitting position.) 

3- Lying on back, raising the leg in the air with straight knee is 
more properly a hip flexion exercise. 

For poor muscles. 

4- Affected side lying, same position as in examination No. 3. The 
exercise is made easier by holding the thigh firmly back In exten- 
sion, or somewhat harder if the thigh is held in some flexion, 
during the movement of knee extension. The greater tension of 
the rectus femoris In the first position makes it easier to start 
the movement than when the muscle Is relaxed by hip flexion. 

s * l-ykg m the back, “setting” the muscle by attempting to pull on 
the patella without moving the leg. 

6. Prone lying, with the knee flexed and lower leg vertical, patient 
extcnd3 the knee against resistance given In front of the ankle. 
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4. Sitting on the edge of the table with the thigh in abducticfl, 
patient draws the thigh into the other leg. 

INTERNAL AND EXTERNAL ROTATION OF THE THIGH 

There is considerable divergence of opinion among authorities 
as to the muscles taking part in these movements, and examina- 
tion is generally unsatisfactory. This is because the small muscles, 
such as the gemelii, cannot be seen or felt to function, and the 
other muscles can be more accurately tested In their other func- 
tions. Furthermore, it is not uncommon to find a patient walking 
with his leg in external rotation, in spite of the fact that bis 
strength In internal rotation Is apparently greater when be l* 
off his feet Since the small hip-outward rotators are generally 
supposed to abduct the thigh, when the hip is flexed, and to 
rotate it out, when the thigh Is extended, some idea of tber 
strength can be obtained by trying outward rotation in both posi- 
tions of the thigh. 

External Rotation. — 

Sarto riiis Posterior fibers of gluteus medius and minimus 

Pectineus 

Adductor longus Lower fibers of gluteus majdmus 

Adductor brevis 

Adductor magnus Iliopsoas 

Biceps 

Pyrlformis 1 

Gemelii 

Quad rat us femoris Vwhen thigh is in extension 

Obturator extern us 
and intemus ! 

Examination and Exercise. — 

1. Sitting with lower legs hanging. 

Fair muscles should raise the lower leg across In front of the 
other leg while rotating the thigh out. 

2. Lying on the back. 

PttOR muscles should roll the whole leg outward. 

Internal Rotation. — Tensor fasdae femoris. Anterior fibers of gluteui 
medius and minimus. 

Examination and Exercise.— 

1. Sitting with knees flexed, lower legs hanging, patient should raise 
lower leg to the tide away from the other leg while keeping the 
knees together. 

*■ Lying on the back, patient should roll the whole leg in from the 
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For poor muscles. 

2 . Affected ride lying, thigh of lower leg held firmly, patient bends 
the knee. If the thigh is held forward in flexion, the exerdse will 
be easier than If the thigh is held in line with the body. 

3. Lying on back, with the leg held vertical by the instructor, 
patient bends the knee, pulling the lower leg down against the 
r esistan ce of the instructor's supporting hand — thigh remains 
vertical. 

4. Sitting on the edge of the table with the lower leg supported at 
horizontal, patient bends the knee, pulling the leg down under 
the table. 

Plantar Flexion (bending ankle so that toes point down). — Gastroc- 
nemius and soleus. Peroneus longus and brevis. Flexor digi- 
torom longus. Plantaris. Tibialis posticus. Flexor hall u cis longus. 

Examination. — ■ 

1. Standing on one foot. 

Normal muscles should raise the body weight on the tiptoes at 
least ten times. 

Good musdes should enable the patient to walk on tiptoes or rise 
on tiptoes less than ten times. 

2. Prone lying, foot off the table edge. 

Fair muscles should point the foot up, against considerable 
downward pressure on the ball of the foot. 

3- Affected side lying, knee straight. 

Poor muscles should push the foot down. It Is important to watch 
for action of the tendo achillis, since this Is the tendon of the 
strongest plantar flexor, the gastrocnemius. Of the other plantar 
flexors, the long toe flexors will act first on the toes before mov- 
ing the ankle, and the peroneals and posterior tibia! act first on 
the forefoot. Gastrocnemius strength, shown by the pull of the 
tendo achillis on the bed, is necessary for good plantar-flexion 
function. 


Exercises. — For good musdes. 

1. Standing on one foot, rise on tiptoes or walk on tiptoes. 

For fair musdes. 

2. Lying face down, with the knee flexed and the lower leg vertical, 
01 ’dth the knee straight and the foot over the edge of the table, 
patient plantar-flexes ankle against pressure on the ball of the 
foot 

For poor musdes. 

A Patient sitting, points the foot down against resistance. 

4- Affected ride lying, patient points the foot down, bdng careful to 
Ulc the tendo achillis. 
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Thigh should be held down firmly by the instructor. This exercise 
may be made harder for stronger muscles by .increasing the 
resistance and by starting the movement with the knee completely 
flexed so that gravity must be overcome at first 
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FLEXION 

Knee.— Biceps. Popliteus. Sartor! us. Gracilis. Semimembranosus. 
Semitendinosux. Gastrocnemius. Plantaris, 

Examination. — 
i. Prone lying. 

Fair muscles should raise the lower leg to vertical. 

Good or normal muscles should do this against downward pres- 
sure on the lower leg. The thigh should be held down firmly 
throughout movement. 

3 . Poo* muscles, affected side lying, with the thigh held firmly in 
front of the body, hip flexed to give greater tension on the ham- 
string muscles. Examiner should fee 1 the tendons of both the 
Internal and external hamstring muscles during flexion of the 

Exercises. — For coon or tair muscles 

i. Prone lying, patient bends the knee, raising the lower leg to 
vertical. 
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For poor muscles. 

3. Lying on the back, patient turns the foot in. 

4. Prone lying, with the foot off the end of the table, patient turns 
the foot in. 

Deformity which results from weakness of this group — valgus 
(foot is displaced outward). 

Exercise to be avoided — eversion. 

EVERSION 

Peroneus longus, brevis, tertius Extensor dlgitorum longus 

Examination and Exercises. — 

1. Sitting or lying, patient turns the foot out. 

The strength of the movement and the amount of resistance over- 
come determine the grading. 

Deformity which results from weakness of this group — varus 
(foot is turned In). 

Exercise to be avoided — inversion. 

Since these muscles take part In more than one movement of 
the foot or toes, and it is not uncommon for one muscle to be 
weaker than the others of Its group, It is customary to estimate 
their strength separately, as well as testing the group as a whole. 

The tibialis anterior is a dorsal flexor of the foot, as well as an 
invertor. Its tendon is the innermost of the three tendons which 
can be seen and felt, across the front of the ankle joint in a 
normal foot. In carrying out the examination positions and exer- 
cises just described, the larger part of the movement will be 
performed by the tibialis anterior If the foot is pulled up at the 
same time that It Is being turned in. 

The tendon of the tibialis posterior can be felt just above and 
behind the internal malleolus, and It can be felt to contract more 
strongly if the foot is pointed down as It Is being turned in. 

The extensor dlgitorum longus extends the four lesser toes, but 
its strength is best obtained while carrying out the movement of 
dorslflexion, with the foot in slight abduction. 

The extensor halluds longus extends the great toe, but iti 
strength is best obtained in dorslflexion. Its tendon may some- 
times be confused with that of the tibialis anterior, unless it is 
traced to Its insertion on the toe. 

The great toe and the next three toes can sometimes be ex- 
^nded, in the absence of the long toe extensors, by the extensor 
mgitonrm brevis. Inability to identify motion of the tendons of 
the long extensors where they cross the ankle joint, accompanied 
by loss of dorslflexion power, will justify the examiner in attribut- 
ing extension power In these four toes to the extensor diritorum 
or to the Interossel. 
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Deformity which results from weakness of this group — calcaneus 
- — the weight coming heavily on the heel In walidng. 

Exercise to be avoided — dorsifl exion. 

Dorsifl exion (bending the ankle up). — Tibialis anterior. Extensor 
hall uds longus. Extensor digitorum longus. Peroneus tertlus. 

Examination, — 

i. Sitting with lower leg hanging over the edge of the table. 

Fair muscles should bend the ankle up to a right angle, if not 
prevented by a short heel cord. 

Good muscles should do this against downward pressure on the 
top of the foot (Even strength in the four muscles will result In 
the foot being brought up straight, but in case of unequal power, 
one side of the foot may be raised higher than the other or held 
more firmly in that position when resistance is given.) 
a. Lying on the affected side. 

Poor muscles should bend the ankle up. 

Exercises. — For fair and good muscles. , 

i. Sitting on the edge of the table, patient bends the ankle up 
dorai flexion. Instructor should guide the foot straight, If it ten 
to turn out or in during the movement. 

For poor muscles. 

a. Affected side lying, patient bends the ankle up in dorslfl exion. 

3. Back lying, the same exerdse. , . , 

4. Prone lying, with the lower leg held vertical and the foot po*n 

in the air, patient bends the ankle in dorslflexlon, pulling the toes 
down toward the table. 

Deformity resulting from weakness of this group — foot drop. 
Exercise to be avoided — plantar flexion. 


INVERSION 

Tibialis anterior Tibialis posterior 

Extensor halluds longus Flexor halluds loogus 

Examination. — For pair and coon muscles. 

(The lower leg should be held to prevent rotation.) . 

1. Lying on affected side, patient lift# the forefoot from the table 
while keeping the heel on the table. 

For poor musdes. 

2. Sitting on the edge of the table, patient turns the foot In. 
Exercises.— For pair or coon musdes. 

1. Lying on affected side, patient lifts the forefoot from the table. 

3. Sitting on the edge of the table, patient turns the foot in afidnst 
resistance. 
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For poor muscles. 

3. Lying on the back, patient turns the foot in. 

4. Prone lying, with the foot off the end of the table, patient turns 
the foot in. 

Deformity which results .from weakness of this group — valgus 
(foot is displaced outward). 

Exerdse to be avoided — eversion. 

EVERSION 

Peroneus longus, brevis, tertius Extensor digitorum longus 

Examination and Exercises. — 

1. Sitting or lying, patient turns the foot out. 

The strength of the movement and the amount of resistance over- 
come determine the grading. 

Deformity which results from weakness of this group — varus 
(foot is turned in). 

Exercise to be avoided — Inversion. 

Since these muscles take part in more than one movement of 
the foot or toes, and it is not uncommon for one muscle to be 
weaker than the others of its group, it is customary to estimate 
their strength separately, as well as testing the group as a whole. 

The tibialis anterior is a dorsal flexor of the foot, as well as an 
invertor. Its tendon is the innermost of the three tendons which 
can be seen and felt, across the front of the ankle joint in a 
normal foot. In carrying out the examination positions and exer- 
cises just described, the larger part of the movement will be 
performed by the tibialis anterior if the foot is pulled up at the 
same time that it is being turned In. 

The tendon of the tibialis posterior can be felt just above and 
behind the internal malleolus, and it can be felt to contract more 
strongly if the foot is pointed down as it is being turned in. 

The extensor digftorum longus extends the four lesser toes, but 
its strength is best obtained while carrying out the movement of 
dorxiflexion, with the foot in slight abduction. 

The extensor halluds longus extends the great toe, but Its 
strength is best obtained in dorsiflexion. Its tendon may some- 
times be confused with that of the tibialis anterior, unless it is 
traced to its Insertion on the toe. 

The great toe and the next three toes can sometimes be ex- 
tended, in the absence of the long toe extensors, by the extensor 
digitorum brevis. Inability to identify motion of the tendons of 
the long extensors where they cross the ankle joint, accompanied 
by loss of dorsiflexion power, will justify the examiner in attribut- 
ing extension power in these four toes to the extensor digitorum 
brevis or to the Interns seL 
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Deformity which results from weakness of this group — calcanera 
— the weight coming heavily on the heel in walking. 

Exercise to be avoided — dorsifiexion. 

Dorsifi exion (bending the ankle up). — Tibialis anterior. Extensor 
hailucis longus. Extensor digitorum longus. Peroneus tertios. 

Examination*. — 

1. Sitting with lower leg hanging over the edge of the table. 

Fair muscles should bend the ankle up to a right angle, if not 
prevented by a short heel cord. 

Good muscles should do this against downward pressure on the 
top of the foot (Even strength in the four muscles will result fe 
the foot being brought up straight, but in case of unequal P 0Wf f> 
one side of the foot may be raised hl^er than the other or brio 
more firmly in that position when resistance is given.) 

2. Lying on the affected side. 

Poor muscles should bend the ankle up. 

Exercises. — For fair and good muscles, 

1. Sitting on the edge of the table, patient bends the ankle up la 
dorelflexion. Instructor should guide the foot straight, If it tends 
to turn out or in during the movement. 

For poor muscles. 

2. Affected ride lying, patient bends the ankle up in dorsi flexion. 

3 - Back lying, the same exercise. , 

4. Prone lying, with the lower leg held vertical and the foot pointed 
Jn the air, patient bends the ankle in dorxiflexion, puIUng the toes 
down toward the table. 

Deformity resulting from weakness of this group— foot drop. 
Exercise to be avoided— plantar flexion. 

INVERSION 

Tibialis anterior Tibialis posterior 

Extensor haliuds longus Flexor haliuds longus 

Examination. — For fair and good muscles. 

(The lower leg should be hdd to prevent rotation.) 

1. Lying on affected ride, patient lifts the forefoot from the Uhfe 
while keeping the heel cm the table. 

For poor muscles. 

a. Sitting on the edge of the table, patient turns the foot in. 
Exercises.— For fair or good muscles 

* * WR 00 0 ffc cte ? *We. patient lifts the forefoot from the table. 

2. Sitting on the edge of the table, patient turns the foot in agdrat 
resistance. 
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a. Side lying position, with hips passively flexed, attempt to bend 
head down to knees. Assistance may be given to lessen friction of 
table by placing the examiner’s hand under the patient’s shoulder. 

3 . Back lying, abdominal retraction. Flattening should not be ob- 
tained by elevation of the chest. 



Fig, 15. — Tot for “honn*I" intrrior abdominal tmr*dw. 


4- Back lying, forcible exhalation of a deep breath, as In attempting 
to blow up a balloon. 

5 . Using hip flexors, back lying, flex hips and draw knees up to 
chest, attempting to raise hips from table. 

Lateral Flexion. — Obliquus extern us and interims. Quad rat us lum- 
boTum. Rectus abdominis. Erector spina e. Latissimus dors! of 
side to which lateral movement takes place. 

ExAinx Anew . — 

1 . Lying on the opposite side with legs and pelvis held down firmly 
by the examiner, the patient raises head and shoulders from the 
table. A fixed scoliosis will make this test of little value. 

2 . Back lying, trunk flexion to side, pelvis held fixed. 

3- Back or prone lying, patient attempts to draw hip toward ribs of 
the same side without flexing hip or knee. It is sometimes possible 
to distinguish the difference in strength between the quadratus 
I am bo rum and the lateral abdominal muscles in this test 

Exeh cists. — Same as above. 
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T o- Flexor hallucls longus — distal phalanx of the great toe. Flexor 
digit orum longus — distal phalanges of four lesser toes. Flexor 
hallucis brevis — first phalanx of great toe. Abductor and addoctor 
Kallucis — first phalanx of great toe. Lumbricales and interosMl— 
first phalanges of four lesser toes. Flexor digitorum brevis— 
middle phalanges of four lesser toes. 

Examination and Exehcise. — 

i. Sitting or lying, patient curls the toes under, bending all three 
joints to Insure action of all the muscles mentioned. The amount 
of strength can be judged by placing a finger across under the 
toes and offering resistance at the different joints. It is not un- 
common to find that the middle and terminal joints can be flexed 
by Uxe long flexor*, without any bending of the first joints; or 
the first joints may bend without any curling of the ends. 

Trunk.—- Rectus abdominis. Quadratus lumbomm. Obliqous extern as 
and intemus. 


Examination. — 

*' on feet held down, patient raises head and shoulders, 

flexing spine in coming to a sitting position. This should be 
possible for a normal child, with the hands on top of his head, 
but may not be possible for an adult of poor general muscular 
tone unless assistance is given. In a child, the anterior abdominal 
muscles may be rated fair if shoulders can be raised from table; 
coot if he can come to sitting position with arms folded on chest 
C.ood anterior neck muscles ore required to raise the head in this • 
, their severe weakness, allowing the head to hang a dead 
wagdt, sometimes makes it difficult to judge the strength of 
airly good abdominal muscles. The last part of the movement of 
the 00 er F ct sitting position Is accomplished by flexion of 

“l 6 11118115 hy to' W P flexors. Strong h'P 
„'2 h ab *™lnal muscles wd result in fleshy the 
nccnrnSfThf ?** lumb a r spine without trunk mixing, or 
In hvn<*r**w^? position with the lumbar spine first fixed 

a. n?' erector spfnae muscles. 

feels tbdr firmness^ 0 ^ ° a ^ ora ^ tm ^ tnusdes, while examiner 

Exercises.-— 

'■ SSL « wS.TSi?"™- 1I °) r •» given with assistance, with 
clrat . at neck or on top of tod, '» 
make easier ^ started from half-lying position to 
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humerus starting from the hanging position is advanced forward, 
flexed, to the horizontal line, and thence it is elevated to the vertical 
position; on the return journey the humerus is depressed through iS-o 
degrees to the banging position, and then it can be carried backward 
“hyper extended." In the lateral plane, the hanging humerus can be 
abducted to the horizontal line and thence elevated to the vertical 
position, and cm the return journey it is adducted through i&o degrees 
to the hanging position. In the horizontal plane, the humerus is hori- 
zontally adducted when it is moved from the lateral plane toward the 
middle Une and horizontally abducted when away from the middle 
line to the lateral plane, behind which it is horizontally retracted. 
Besides these movements there is rotation In and out. 

In “flexing* the humerus, the anterior fibers of the deltoid, the 
clavicular fibers of the pectoralia major, the biceps, and probably the 
cora cob rachialis contract and carry the humerus forward nearly to the 
horizontal line. This action of the deltoid tends to rotate the scapula 
with the acromion downward, and to push Its inferior angle backward 
and toward the spinal column, but this Is prevented by the contraction 
of the acromion (middle) fibers of the trapezius and also the lower 
fibers. The deltoid and other muscles cannot carry the humerus further 
than the horizontal line. Beyond this point the serratus magnus comes 
to their assistance and draws the lower end of the scapula forward, 
raises the acromion with the humerus, and thus the arm Is elevated to 
the vertical. 

In a case with paralyzed lower and middle trapezius, and normal 
serratus, on telling the patient to advance the arm slowly, the first 
action on the scapula was to rotate It so that the Inferior angle moved 
half an Inch toward the vertebral column, and the posterior border of 
the scapula projected like a wing; this projection reached its maximum 
when the humenu was advanced through about 45 degrees. Then the 
serrahis contracted, and as It drew the lower end of the scapula for- 
ward the deformity diminished and finally disappeared. Though the 
Mrratus is mechanically in the position to fix the scapula and prevent 
its lower angle being pushed backward and rotated toward the spine, 
it is not its function when the movement is one of advancing the 
shoulder to act on the scapula until the humerus has been moved by 
the deltoid through about 45 degrees. The Inferior part of the trapezius 
apparently is the proper muscle to fix the scapula in advancing the 
humerus, and when these Inferior fibers are paralyzed, the serratus 
will not step into the breach and do the work for the trapezius, which 
Consec iuently is not done at all. 

The above description of advancing the humerus applies equally 
Wdl to movement of “abduction” of the humerus, except that the 
Buddie part of the deltoid, and the supraspinatus abduct the humerus, 
pcctoralls major does not act, but the same condition is met 
wjtnfrj regard to movements of the scapula and its relation to the 
trapezius and serratus, as in flexing the humerus. 
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EXTENSION 

Erector sptnae group 

Examination. — Prone lying, trunk raising. Accompanied by tight- 
ening of hip extensorB and trapezius, head raising and scapulae 
adduction. 


Exercises . — 1 

1. Prone lying, legs held down, trunk raising. May be done with 
hands clasped behind back, at hips, at shoulders, or behind neck, 
to Increase difficulty. 

2. Side lying, starting from curled-up position, straightening of head 
and trunk. 

3. Sitting with trunk bent forward, patient comes to erect position. 

4. Sitting in erect position, patient lowers trunk forward from hips 
without bending spine, and then returns to erect position. 

N eck. — Stern ocleldomastoids. 


Examination. — 

1. Back lying, shoulders held down, head raising from table. These 
muscles acting together should be able to hold the head m the 
raised position against considerable pressure, if normal- 

2. To test them separately, lying on back, patient turns face to rig t 
side against resistance at point of chin, as test for left muscle. 

Exercises. — 

1 and 2. Same as above. 

3. Lying on back, patient bends head toward shoulder of side It a 
desired to exercise. 

4- Lying on side, patient bends head forward. 

As it is not possible to observe or feel the action of the deep® 
neck muscles, no attempt Is made to describe their action. 111 
general, whatever function Is weak should be given as an exercise. 

The platysma is frequently seen standing out in a broad sheet 
when the attempt is made to raise the heed with weak sterno- 
cleidomastoid muscles. The cervical spine and the head are 
by the extensor muscles, and the attempt Is made to raise the 
head by raising the trunk with the abdominal muscles in many 
cases of weakness of the anterior neck muscles. 


Shoulder Movements * 

The movements of the humerus are best described In terms of the 
planes corresponding to the three dimensions of space, viz., antero- 
posterior, laterovertical, horizontal. In the anteroposterior plane, me 

. ^ Movement! «d Their Rrpft*®**- 

tkro In the Cnrtm .Nn-roui by Cbarte* Bwor. 
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Extension of Humerus (bringing arm down from flexion). — Pecto- 
ralis major (sternal part). Latissimus. Teres major and minor. 
Infraspinatus. Triceps, long head. Subscapularis (probably). 

Hyperextension (carrying arm back of body). — Latissimus. Teres 
major and minor. Infraspinatus. Deltoid (posterior part). 

Scapula fixed as in adduction. 

Horizontal Adduction of Humerus (starting from position of abduc- 
tion, bringing arm forward at shoulder level). — Pectoralis major 
(both parts). Anterior deltoid. Coracobrac hial^ . 

Horizontal Abduction of Humerus (carrying arm back at shoulder 
level). — Posterior and middle deltoid. Latissimus. Teres major 
and minor. Infraspinatus. 

Scapula adducted and fixed by trapezius (middle). 


External Rotation of Humerus. — Teres tnIno.\ Infraspinatus. Pos- 
terior part of deltoid. 

Internal Rotation. — Pectoralis major. Teres major. Latissimus. Sub- 
scapularis. Anterior portion of deltoid. 

Elevation of Shoulder (shrugging). — Upper part of trapezius. 
Rhomboids. Levator anguli scapulae. 


Depression of Shoulder. — Lower part of trapezius. Pectoralis minor. 
Latissimus dorsl. Subclavius. 


Since each shoulder muscle takes part fn several movements, 
It is necessary to know which of these movements is performed 
mainly by the muscle we desire to test, and often It Is necessary 
to know the strength of the assisting muscles, before forming oxrr 
opinion by a process of elimination. Some of the shoulder and arm* 
muscles have to be graded by observation of the strength of the 
action rather than by gravity tests. 


Trapezius. — May be considered In four parts: 

1. Clavicular 1 

2 . Acromial } U PP“ 

3- Middle — horizontal fibers 

4- Lower 


It Is very difficult to separate the action of the upper two portions, 
mfless there Is marked difference in strength. In most cases the 
J^romiaJ and clavicular portions may be considered together as the 


Clavicular — extension of bead, rotation of head to opposite side flex- 
ion of head to same side, elevation of shoulder. ' 
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In paralysis of the trapezius, the inferior angie of the scapufa fa 
the first part of the movement of abduction moves more toward the 
spine and does not project so much backward as in flexing the humerus. 
Normally, in advancing the arm, the scapula hardly moves at ah until 
the humerus makes an angle of about 45 degrees, and then the inferior 
angle begins to mow outward by the commencing action of the kt- 
ratus, and when the humerus is horizontal, the angle with the scapula 
remains constant, and the elevation of the humerus to vertical fa 
completed by the serratus. If, however, the deltoid be paralyzed or the 
shoulder be ankylosed, the serratus begins to act at once and the 
scapula moves outward at once. 

The projection or winging of the scapula may be caused by paralysis 
of the trapezius and especially of ita lower fibers, as well is by 
paralysis of the serratus. The difference Is that the deformity due to 
absence of the trapezius is less than that of the serratus, the scapula 
projecting only one-half to one inch, that the projection reaches Us 
maximum when the humerus is advanced through about 45 degrees, 
after which the deformity diminishes and disappear? when the humerus 
is horizontal, and that the humerus can be raised to vertical. With 
serratus paralysis, the deformity increases as the arm is advanced and 
reaches Its maximum when the humerus is horizontal, above which 
there is no muscular power to raise it. In serratus paralysis, the scapufa 
can be displaced backward by pushing against the advanced arm. 

Flexion (raising arm forward). — Anterior deltoid. Coracobrachial fa. 
Biceps. Clavicular part of pectoralis major. 

1. During the first part of flexion, the lower, middle, and acromial 
portions of the trapezius contract to fix the scapula and prevcn 
Its being displaced backward; when the humerus approaches to 
the horizontal line, the serratus magnus rotates the scapula op* 
ward, and the humerus is carried on up to vertical by this rotation- 
z. Abduction of humerus to horizontal, In laterovertieal pfa^ 
Started by supraspfnatus; at 10 or 15 degrees the anterior and 
middle porta of the deltoid begin to act, elded by the long bead 
of the biceps. 

Abduction above horizontal lint, muscle action is the Mine » lo 
flexion above horizontal. 

Adduction (of humerus to side).— Pectoralis major, sternal a*d 
clavicular parts. Latisaimus dorsl. Teres major and micor. 
Infraspinatus. Posterior part of deltoid. Subscapularis (prob- 
ably). 

The scapula is fixed during movement of the arm by rhomboids, 
pectoralis minor, and lower part of trapexlui. 
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Extension of Humerus (bringing arm down from flexion). — Pecto- 
ralis major (sternal part). Latissimus. Teres major and minor. 
Infraspinatus. Triceps, long head. Subscapularis (probably). 

Hyperextenajon (carrying arm back of body). — Latissimus, Teres 
major and minor. Infraspinatus. Deltoid (posterior part). 

Scapula fixed as in adduction. 

Horizontal Adduction of Humerus (starting from position of abduc- 
tion, bringing arm forward at shoulder level). — Pecto rails major 
(both parts) . Anterior deltoid. Cora cob rachialis. 

Horizontal Abduction of Humerus (carrying arm back at shoulder 
. level). — Posterior and middle deltoid. Latissimus. Teres major 
and minor. Infraspinatus. 

Scapula adducted and fixed by trapezius (middle). 

External Rotation of Humerux. — Teres minor. Infraspinatus. Pos- 
terior part of deltoid. 

Internal Rotation. — Pectoralls major. Teres major. Latissimus. Sub- 
scapularis. Anterior portion of deltoid. 

Elevation of Shoulder (shrugging). — Upper part of trapezius. 
Rhomboids. Levator an gull scapulae. 

Depression of Shoulder. — Lower part of trapexlu 3 . Pectoralis minor. 
Latissimus dorsL Subclavius. 

Since each shoulder muscle takes part In several movements, 
it is necessary to know which of these movements is performed 
mainly by the muscle we desire to test, and often it is necessary 
to know the strength of the assisting muscles, before forming our 
opinion by a process of elimination. Some of the shoulder and arm- 
muscles have to be graded by observation of the strength of the 
action rather than by gravity tests. 

Trapezius. — May be considered in four parts: 
i. Clavicular 1 
3. Acromial ) u PP^ r 
3 . Middle — horizontal fibers 
4- Lower 

It is very difficult to separate the action of the upper two portions, 

imless there is marked difference in strength. In most cases the 

acromial and clavicular portions may be considered together as the 
upper.” 

CkmVfcto-— extension 0 f head, rotation of head to opposite side, flex- 
ion of head to same side, elevation of shoulder. 
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<4crofftfai — rotates acromion process upward, elevates scapula. 
Middle — fixes and adducts scapula In horizontal abductk» of 
humerus. 

I Jnccr (a) fixes scapula during flexion or abduction of humerus; 

paralysis is shown by displacement of inferior angle 
of scapula toward vertebrae at the start of these 
movements; also by winging of vertebral border of 
scapula; (b) fixes scapula during adduction or de- 
pression of humerus, acting with rhomboids and pec- 
to rails minor. 

To determine trapezius strength, test head extension, elevation of 
shoulder, scapulae adduction; watch position of inferior angle ol 
scapula during abduction of humerus, and watch for contraction of 
the middle and lower fibers during the exercise of trunk raising from 
the prone position. 

Serratua Magnua. — (a) Draws the scapula forward around the chest, 
(b) Rotates the scapula upward, bringing the lower angle out* 


Examination.— 

i. Patient sitting with the arm in abduction at shoulder level, 
Good muscle should rotate the scapula so rhnt the arm is raised 
o vertical (The weight of the arm may be supported by the 
_ u ^ deltoid is, not strong enough to hold it) 

’ / *^ e arm at shoulder level, the patient should reach 

lorward. The examiner should steady the patient's body with' 
one nand grasp the outstretched arm above the elbow with the 
^ nd and, by pushing the humerus, try to displace the 
sca^Ia backward. If the serratua magnus is weak, the scapula 
displaced so that its vertebral border approaches the spine. 
Exercises.- — 

vertkal° r toovem ent of the arm from shoulder level to 

jjkductlon or flexion of the arm from the side 
actto of ^ Krramj “ d 

^ (ilTfltlemmev the arm hanging over the edge of the table, 
b) ™{|„t ^Z r ^ bd T nt0 try to touch the Sir, 
tabled ove STd£ ng ** arm to try to catch the end of the 


Movement.— Abduction of arm. 
Mulct*.— Deltoid, nnterior portion. 
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ExAMNATIOH. — 

J. patient sitting, with the scapula held down firmly by the examiner 
to exdude its rotation, with the resultant raising of the humerus. 
F*nt musdes should raise the arm to shoulder level at the side. 
To exdude the biceps as much as possible from assisting In the 
movement, the arm should be raised with the elbow passively 
ffeied, forearm hanging, or with the elbow straight, and the palm 
down. 

Good muscles should raise the arm to the side against downward 
pressure given above the elbow. 

2. Patient lying on Us back, with the scapula, held down by the 
examiner. 

Poor muscles should perform all or part of the movement of 
abduction from the side to shoulder level. 

Exercises. — For fair or good muscles. 

1. Sitting, with the scapula held down, patient raises arm from 
the side to shoulder height 

2. Lying on the opposite side, patient raises the upper arm to shoul- 
der level. Scapula should be kept from rotating. 

For poor muscle. 

3. Lying on the back, scapula held, patient moves the arm from 
the side to shoulder level. 

4. Lying on the back, free movement of the arm from the side to 
shoulder level and above to the ear. 

In any movement of abduction of the arm during which the scapula 
Is not prevented from rotating, the action will not be localized In the 
deltoid. Instead, the movement will be a combined exercise in which 
the upward rotators of the scapula also take part and do most of the 
work If they are stronger than the deltoid. 

Muscle. — -Deltoid, posterior portion. Horizontal abduction. 
Examination. — 

i. Patient lies face down, with the arm stretched out in abduction 
at the shoulder level. 

Fair muscle should raise the arm from the table. 

Good muscle should raise the arm against resistance. 

Normally, the scapula Is adducted toward the spine at the same 
time by the middle portion of the trapezius and the rhomboids. 
If the arm is raised by the posterior deltoid without this adduc- 
tion of the scapula, these musdes are weak. On the other hand 
the scapula adduction may take place when the posterior deltoid 1 
is too weak to lift the arm. 

3. Poor musde should be seen to act when the patient abducts his 
arm from his side to the level of the shoulders. In this position 
the posterior deltoid works to overcome the friction of the table* 
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Aero mini — rotates acromion process upward, elevates scapula. 
Middle — fixes and adducts scapula In horiiontal abduction of 

humerus. 

Loieer — (a) fixes scapula during flexion or abduction of huraem; 

paralysis Is shown by displacement of inferior angle 
of scapula toward vertebrae at the start of these 
movements; also by winging of vertebral border of 
scapula; (b) fixes scapula during adduction or de- 
pression of humerus, acting with rhomboids and pee- 
to rails minor. 

To determine trapezius strength, teat head extension, elevation of 
shoulder, scapulae adduction; watch position of inferior angle of 
scapula during abduction of humerus, and watch for contraction of 
the middle and lower fibers during the exercise of trunk, raising from 
the prone position. 

Scrratus Magnetic — (a) Draws the scapula forward around the cbejt 
(b) Rotates the scapula upward, bringing the lower angle out- 
ward. 


Examnation. — 

1. Patient sitting with the arm In abduction at shoulder level. 
Good muscle should rotate the scapula so that the arm is raised 
to vertical. (The weight of the arm may be supported by the 
examiner ff the deltoid is. not strong enough to bold ft.) 

2. Sitting with the arm at shoulder level, the patient should teac ^- 
forward. The examiner should steady the patient’s body with 
one hand, grasp the outstretched arm above the elbow with the 
other hand and, by pushing the humerus, try to displace the 

If the serratus raagnua is weak, the sctpid* 
wfll be displaced so that Its vertebral border approaches the spfoe. 

Exercises. — 


x. Sluing or lying, movement of the arm from shoulder level to 
vertical. 

2. Sitting or lying, abduction or flexion of the arm from the si* 
to vertical will bring j a the action of the serratus and traperim, 
if the scapula U not fixed. 

WS* ? own ' 4rrn hanging over the edge of the table. 

)?' mfly Tr ^ il down to try to touch the floor, 

(b) Patient may siring the arm to try to catch the end of the 
table above hii head. 


Movement. — Abduction of arm. 
Mc'SCLE. — Deltoid, anterior portion. 



Shoulder Movements vS™ 1 n] 65 

although the middle portion of the muscle has more to do with 
abducting the arm. 

Exercises. — 

i. Fair or good muscle should perform the same movement used in 
examination position No. I. 

a. Poor muscle should perform the movement used in examination 
position No. 2. 

3. Poor muscle, sitting with the arm stretched out in front of his 
face, resting on a table at the height of his shoulders, patient 
moves the arm hack until It Is in line with his shoulders at the 
side — horizontal abduction. 

Muscle. — LatLsslraus dorsi, hyperextension with Internal rotation. 
Examination. — 

1. Lying face down. 

Fair muscle should raise the arm from the table, keeping it close 
to the side and inwardly rotated. 

Good muscle should perform the above movement against resist- 
ance. 

3. Poor muscle should adduct the arm to the side from a starting 
position of abduction at shoulder level. 

Exercises. — 

1. For fair and good muscles 

2. For poor muscles 
Muscle. — Pect oralis major. 

Examination. — 

1. Patient lies on his back, arm out at shoulder level. 

Fair muscle should raise the arm to vertical above the face, in 
movement of horizontal adduction. Both sternal and clavicular 
portions act In this. 

Good muscle should perform the above movement against resist- 
ance. 

2. Poop muscle brings arm to side from shoulder level — adduction 
movement. 

3. Lying or sitting, if the other muscles are strong enough to raise 
the arm forward In flexion, the clavicular part of the pecto rails 
major may be made to atand out by resisting the movement of 
flexion, and the sternal part by resisting the movement of exten- 
sion. 

Exercises. — 

1. For pah or good muscle, use movement described in examination. 
1. for poos muscle, use movement described In examination. 


The same movement 
as described in 
the examination. 




Fra J7-— “F*lr“ posterior dell old- 
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although the middle portion of the muscle has more to do with 
abducting the arm. 

Exercises. — 

i. Fair or coon muscle should perform the same movement used in 
examination position No. i. 

a. Poor muscle should perform the movement used in examination 
position No. 2. 

3. Poor muscle, sitting with the am stretched out In front of his 
face, resting on a table at the height of his shoulders, patient 
moves the arm back until it is in line with his shoulders at the 
side — horizontal abduction. 

Muscle. — L atisslm us dorsi, hyperextension with internal rotation. 
Examination. — 

1 . Lying face down. 

Fair muscle should raise the arm from the table, keeping it dose 
to the side and inwardly rotated. 

Goon muscle should perform the above movement against resist- 
ance. 

2. Poor musde should adduct the arm to the side from a starting 
position of abduction at shoulder level. 

Exercises. — 

1 . For fair and good mosdes 

2. For poor muscles 
Muscle. — Pecto rails major. 

Examination. — 

1 . Patient lies on bis back, arm out at shoulder level. 

Fair musde should raise the arm to vertical above the face, in 
movement of horizontal adduction. Both sternal and clavicular 
portions act in this. 

Goon muscle should perform the above movement against resist- 
ance. 

2. Poor musde brings arm to side from shoulder level — adduction 
movement. 

3- Lying or sitting, if the other muscles are strong enough to raise 
the arm forward In flexion, the clavicular part of the pectoral is 
major may be made to stand out by resisting the movement of 
flexion, and the sternal part by resisting the movement of exten- 
sion. 

Exercises. — 

J- For fair or good musde, use movement described in examination. 
tor POOB musde, use movement described in examination. 


The same movement 
as described in 
the examination. 
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3. For poor muscle, sitting with his arm resting on a table it shoul- 
der height, out in position of abduction, patient brings the ann 
forward In horizontal adduction. 

Movement. — Outward rotation. 

Muscles.- — Teres minor. Infraspinatus. Deltoid, posterior part 
Examination. — 

1. Lying face down, with the upper arm out at shoulder level and 

the forearm hanging over the edge of the table, with the elbow 
bent at a right angle. . 

Fair muscles should rotate the upper arm outward, thus raising 
the hand and forearm above the level of the table. 

Good muscles can hold the arm in this position against down- 
ward pressure on the forearm. 

2 . Lying on the back, with arm at the side, 

Poor muscles should turn the arm outward at the shoulder, rol - 
ing the elbow back. The elbow must be watched to mate sure 
that the upper arm turns as well as the hand and forearm. 

Exercises.— For fair or good muscles. 

1. Use position described fn examination of these muscles. 

1. Sitting with the upper arm and forearm supported at shoulder 
level, elbow flexed to a right angle, arm in abduction, pattern 
raises forearm, thus performing outward rotation at the sboulad- 
For poor muscles. 

3. Use position and movement described in examination of P 0 ^ 
muscles. 

4. Lying face down with the whole arm hanging over the edge of 
table, elbow straight, patient turns the whole arm outward. 


Arm and Hand Movements 
Movement. — Elbow flexion. 


Muscles, Biceps. Brachialis. Brachioradislls. Pronator teres. 

Flexors of the wrist. Flexor digitorum sublimis. 

Examination. — 


1. Patient sits with tbe arm hanging at the ride. . 

Fair muscles should raise the forearm so that the hand touches 
tbe shoulder. 

tht forearm a e»inst resistance. ( , 
a. Patient sits with the whole arm supported on a table, dbow 

straight, hand resting on the fifth finger. , 

Poor muscles bend tbe elbow without raising tbe forearm from 
tbe table. 
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The biceps is the strongest flexoT and acts with the palm tamed 
toward the patient’s face— that Is, with the forearm m supination. 
Inability to flex the elbow with the forearm In this position indicate* 
weakness of the biceps, and exeTtdses should be directed toward its 
development, since the other elbow flexors cannot make up for its 
loss. 

Exercises. — For rant and good muscles. 

i. Patient sitting, with his arm hanging, touches his fingers to his 
shoulder. 

For poor muscles. 

a. Sitting with the entire arm supported on the table at shoulder 
height, elbow straight, hand resting on the fifth finger, patient 
bends the elbow, drawing the forearm along the table. 

3. Lying on the back with the entire arm supported vertically In 
the air, patient bends the elbow, pulling the hand down toward 
the face with the aid of gravity, against the resistance of the 
examiner’s supporting hand. The upper arm must be held vertical 
by mother throughout. 

Movement. — Elbow extension. 

Muscles. — Triceps. Anconeus. 

Examination . — 

1. Lying on the back, or sitting erect, with the upper arm held 
vertical, the elbow flexed and the forearm hanging. 

Fair muscles should straighten the elbow, raising the forearm to 
vertical. 

Goon muscles should raise the forearm In this position against 
some downward pressure from the examiner, 
a. Lying on the back, or sitting, with the entire arm resting flat on 
the table, elbow bent 

Poor muscles should perform at least part of the movement of 
straightening the elbow. 

Exercises. — F or fair and good muscles. 

1. Patient straightens his elbow in the same position used for grad- 
ing these musdes. 

For poor muscles. 

2. With the arm and forearm resting on a table, patient attempts to 
straighten the bent elbow. 

3 - Sitting, hand touching shoulder, patient pushes his forearm dowm 
■*ard against sufficient resistance to neutralize the weight of the 
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3. For poor muscle, sitting with his arm resting on a table at sbool- 
der height, out in position of abduction, patient brings the arm 
forward in horizontal adduction. 

Movement-- — Outward rotation. 

Muscles. — Teres min or. Infraspinatus. Deltoid, posterior part 

Examination. — 

1. Lying face down, with the upper arm out at shoulder level and 
the forearm hanging over the edge of the table, with the elbow 
bent at a right angle. 

Fair muscles should. rotate the upper arm outward, thus raising 
the hand and forearm above the level of the table. 

Good muscles can hold the arm in this position against down- 
ward pressure on the forearm. 

3. Lying on the back, with arm at the side. 

Poor muscles should turn the arm outward at the shoulder, roll- 
ing the elbow back. The elbow must be watched to make sure 
that the upper arm turns as well as the hand and forearm. 

Exercises. — For fair or good muscles. 

1. Use position described in examination of these muscles. 

3. Sitting with the upper arm and forearm supported at shoulder 
level, elbow flexed to a right angle, arm in abduction, 
raises forearm, thus performing outward rotation at the shoulder. 
For poor muscles. 

3. Use position and movement described in examination of P 007 
muscles. 

4. Lying face down with the whole arm hanging over the edge of 
table, elbow straight, patient turns the whole arm outward. 


Arm and Hand Movements 
Movement-— Elbow flexion. 


Muscles.— Biceps. Brnchlalis. Brachloradlalis. Pronator teres. 

Flexors of the wrist. Flexor digitomm sublimls. 

Examination. — 


1. Patient sits with the 
Fair muscles should 
the shoulder. 


arm hanging at the side. 

raise the forearm so that the hand toucnes 


Good miuda ralje the forearm egilnst resistance. 

2 . Patient .Its with the whole am supported on n table, elbow 
straight, hsnd resting on the fifth finger. 

lh > °tab| n5d ' 1 tbC wltll0ut raising tbe forearm ft® 1 
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Examination. — • 

1. Patient sitting with the palm of the hand resting on the table. 
Fair extensors should raise the hand from the table. 

Good muscles would overcome resistance as welL 

The lingers should not be held in extension unless it is desired 

to have the finger extensors assist in the movement. 

2. With the ulnar side of the forearm and hand resting on the table, 
poor extensors should bend the wrist back in extension. 

Exercises. — These are given in the same positions as in the exam- 
ination. 

Movement. — Wrist abduction. 

Muscles. — Plexor and extensor carpi radialls. Extensors of the 
thumb. 

Examination and Exercise. — Hand resting on the table, palm up. 
Patient bends the wrist toward the thumb side, without moving 
forearm. 


Movement — Wrist adduction. 

Muscles. — Flexor and extensor carpi ulnaris. 

Examination and Exercise. — Patient bends the wrist toward the 
ulnar side, without moving forearm. These lateral movements 
are used chiefly when inequality exists between the radial and 
ulnar muscles. 


Movement — Finger extension. 

Muscles. — Extensor digitorum communis, extends the proximal 
phalanges. 

Examination and Exercise. — Patient pushes back the proximal 
phalanges of the four fingers, either alone or against resistance, 
keeping middle and end joints flexed loosely. 


Movement — Finger extension. 

Muscles. — Interossel and lu mb ricales, extend the second and third 
phalanges. 

Examination. — Patient extends the middle and end Joints of the 
fingers, either alone or against resistance. The first phalanges 
should be held by the examiner in extension during the mcrve- 
moit If the first phalanges are held passively flexed, the extensor 
digitorum communis can extend the second and third phalamres 
without the interossei and lumbricales. F ® 
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Movement — Supination of forearm. 

Muscles. — Biceps. Supinator brevis. Brachlonfdlalb. 

Examination and Exercise. — Sitting with the elbow flexed to t 
right angle, palm turned down, patient turns the foreann, 
palm up. 

Resistance to the movement may be given by grasping the fore- 
arm just above the wrist 

Movement — Pronation of forearm. 

Muscles, — Pronator radii teres. Pronator quadratus. Flexor carp 
radial Is. 

Examination and Exercise. — Sitting with the elbow flexed to a 
right angle, palm up, patient turns the forearm, palm down. Re- 
sistance as for supination. 

Movement — Wrist flexion. 

Muscles. — Flexor carpi radialis. Palmaris longus. Flexor carpi 
ulnaris. Long flexors of the fingers and thumb. 

Examination. — 

T. Patient sitting with the back of the hand resting on the table. 
Fair flexors should bend the wrist, palm up, raising the hand 
against gravity. 

Good muscles would overcome resistance as welL 

The fingers should be relaxed to localise the action in the other 

muscles. 

a. Sitting with the ulnar side of the forearm and hand resting on the 
table, midway between pronation and Bupination. 

Poor flexors should bend the wrist, gravity being eliminated. 

It will be necessary for the examiner to feel the different tendons 
to know what part each muscle is taking In the movement. 

Exercises. — For good, fair or poor flexors, 
i and 2. These are given in the same positions as the test Nos. 
i and a. 

3. For poor muscles, with the forearm resting on the table In prona- 
Uon, hand extending over the table edge, patient bends the wrist 
A 0galrut eDOU 8 h resistance to neutralize the weight of 


Movement. — Wrist extension. 


hlusoxs.— Extensor carpi radiall* longus and brevis. Extensor 
carpi ulnaris. Long extensors of fingers and thumb. 



Arm and Hand Movements 


69 


Examination. — 

1. Patient sitting with the palm of the hand resting on the table. 
Fair extensors should raise the hand from the table. 

Goon muscles would overcome resistance as well. 

The fingers should not be held in extension unless it is desired 
to have the finger extensors assist in the movement. 

2. With the ulnar side of the forearm and hand resting on the table, 
poor extensors should bend the wrist back In extension. 

Exercises. — -These are given in the same positions as in the exam- 
ination. 


Movement. — Wrist abduction. 

Muscles. — F lexor and extensor carpi radialls. Extensors of the 
thumb. 

Examination and Exercise. — Hand resting on the table, palm up. 
Patient bends the wrist toward the thumb side, without moving 
forearm. 


Movement — -Wrist adduction. 

Muscles. — F lexor and extensor carpi ulnaris. 

Examination and Exercise. — Patient bends the wrist toward the 
ulnar side, without moving forearm. These lateral movements 
are used chiefly when inequality exists between the radial and 
ulnar muscles. 


Movement — Finger extension. 

Muscles. — Extensor dlgitorum communis, extends the proximal 
phalanges. 

Examination and Exercise. — Patient pushes back the proximal 
phalanges of the four fingers, either alone or against resistance, 
keeping middle and end joints flexed loosely. 


Movement — Finger extension. 

Muscles. — Interossel and lumbrlcales, extend the second and third 
phalanges. 

Examination. — Patient extends the middle and end joints of the 
fingers, either alone or against resistance. The first phalanges 
should be held by the examiner in extension during the move- 
ment If the first phalanges are held passively flexed, the extensor 
dlgitorum communis can extend the second and third phalanees 
without the Interossel and lumbrlcales. 
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Muscles. — Bleep*. Supinator brevis. BrachloraHfalls. 

Examination and Exercise. — Sitting with the elbow flexed to a 
right angle, palm turned down, patient turn* the forearm, 
palm up. 

Resistance to the movement may be given by grasping the fore- 
arm just above the wrist 

Movement. — Pronation of forearm. 

Muscles. — Pronator radii teres. Pronator quadratus. Flexor carpi 
radlalis. 

Examination and Exercise. — Sitting with the elbow flexed to a 
right angle, palm up, patient turns the forearm, palm down. Re- 
sistance as for supination. 

Movement. — Wrist flexion. 

Muscles. — Flexor carpi radlalis. Pal marls longus. Flexor carpi 
ulnaris. Long flexors of the fingers and thumb. 

Examination. — 

i. Patient sitting with the back of the hand resting on the table. 
Fair flexors should bend the wrist, palm up, raising the ban 
against gravity. 

Good muscles would overcome resistance as well. 

The fingers should be relaxed to localize the action In the °twr 
muscles. 

a. Sitting with the ulnar side of the forearm and hand resting on the 
table, midway between pronation and supination. _ 

Poor flexors should bend the wrist, gravity being eliminated. 

It will be necessary for the examiner to feel the different tendons 
to know what part each muscle is taking in the movement. 

Exercises.— For good, pair or poor flexors. 

i and 2. These are given in the same positions as the test Nos. 
x and 2. 

3. For poor muscles, with the forearm resting on the table In pu**' 
lion, hand extending over the table edge, patient bends the wrist 
downward against enough resistance to neutralize the weight ot 
the hand. 

Movement. — Wrist extension. 

Muscle*.— E xtensor crpi radlalis longus and brevis. Extensor 
carpi ulnaris. Long extensors of finger* and thumb. 
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Examination. — 

1. Patient sitting with the palm of the hand resting on the table. 
Faih extensors should raise the band from the table. 

Good muscles would overcome resistance as well. 

The fingers should not be held in extension unless it is desired 
to have the finger extensors assist in the movement. 

2 . With the ulnar side of the forearm and hand resting on the table, 
poor extensors should bend the wrist back in extension. 

Exercises. — These are given In the same positions as in the exam- 
ination. 

Movement — Wrist abduction. 

Muscles. — F lexor and extensor carpi radlalis. Extensors of the 
thumb. 

Examination and Exercise. — Hand resting on the table, palm up. 
Patient bends the wrist toward the thumb side, without moving 
forearm. 

Movement — -Wrist adduction. 

Muscles. — F lexor and extensor carpi ulnaris. 

Examination and Exercise. — Patient bends the wrist toward the 
ulnar side, without moving forearm. These lateral movements 
are used chiefly when inequality exists between the radial and 
ulnar muscles. 


Movement — Finger extension. 

Muscles. — E xtensor digitorum communis, extends the proximal 
phalanges. 

Examination and Exercise. — P atient pushes back the proximal 
phalanges of the four fingers, either alone or against resistance, 
keeping middle and end joints flexed loosely. 

Movement — -Finger extension. 


Muscles. — Interossei and Iumbricales, extend the second and third 
phalanges. 

Examination.— Patient extends the middle and end Joints oi the 
fingers, either alone or against resistance. The first phalanges 
should be held by the examiner in extension during the move- 
ment If the first phalanges are held passively flexed, the extensor 
digitorum communis can extend the second and third phalanges 
without the interossei and Iumbricales. H B 
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Extensor indids proprius and extensor digit! qulnti propriw 
assist the extensor communis to extend their respective fingers, 
but either may act in the absence of the common extensor. 


Movement— Finger flexion. 

Muscles. — T hose of first phalanges, mainly interossd and tan* 
bricales. 

Examination. — P atient should be tested with fingers outstretched. 
Movement is aided by flexor digitorum sublimis and flexor 
digitorum profundus if fingers are allowed to flex. 

Those of second phalanges, flexor digitorum sublimis and flexor 
digitorum profundus. . 

Those of third phalanges, flexor digitorum profundus. 
Movement — Adduction of fingers, to middle finger. 

Muscles. — Palmar interoasei. 

ist palmar interosseus adducts index finger 
and M “ “ fourth “ 

3rd “ « “ fifth “ 

Examination and Exercise. — Be careful to avoid flexing at same 
time. 


Movement— Abduction of fingers— from an Imaginary Uoe dravro 
through the middle finger. 

Muscles. — Dorsal Interassei. Abductor digit! minimi, 
ist dorsal Interosseus abducts index finger 
2n d “ “ moves middle finger toward Index finger 

3rd “ « «« u « « fourth w 

° “ fourth “ ** fifth 

Abductor digit! minimi abducts fifth finger. 

Examination and Exercise. — Have patient spread all 

apar^or each separately, and hold the position. Fingers shod a 
be kept flat during movement. 


Movement.— Thumb extension. 

longus — first the terminal joint, to 
RIX * ^ carpometacarpal. Extensor 
W nt carpometacarpal. Extensor ossfs 
rpi po lids (abductor longus) — carpometacarpal joint. 

Movement — Thumb flexion. 

M 'SSLTSf 0 Fl P ° mds , l f ,n * U5 — ' "O th™ JoloU, especially U* 
terminal one. Flexor poIIWs brevfe-metacarpal bone end 6** 
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nhalanr. Opponens poUIds — metacarpal bone. Abductor poEids 
brevis — metacarpal bone. Adductor polb'cis — metacarpal bone. 

Exam otation. — Patient flexes thumb across the palm, keeping 
thumb flat to palm. 

Movement — Thumb opposition. 

Muscles. — Oppooens pollids. Flexor poUItis brevis. Abductor 
pollids brevis. Adductor pollids. 

Examination. — 

Patient abducts thumb at right angles to palm, and then a^iroii- 
mates it to fingers and ulnar side of hand, keeping a space open 
between the thumb and the palm. 

Atrophy of both the abductor brevis and opponens pollids pro- 
duce* a general flattening of the thenar eminence. Atrophy mainly 
of the opponens pollids is shown by a hollow along the metacarpal 
bone on the radial side of the thenar eminence. 

Facial Paralysis and Throat 

The following movements should be tried and practiced as exercises, 
before a mirror If needed. The two sides of the face should be carefully 
compared. In the case of unilateral weakness, there will be more move- 
ment on the stronger aide. This will be especially noticeable in laughing 
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and crying, as the month, cheek and nostril are drawn to that side, 
producing a grotesque expression which the patient may erroneously 
attribute to trouble with the stronger side. 

1. Raise the eyebrows, wrinkling the forehead. 

2. Scowl, drawing the eyebrows together. 

3. Close the eyes. 

4. Open the eyes wide. 

5. Turn the eyeballs from side to side. 

6. Wrinkle the nose and sniff. 

7. Smile - , notice the corners of the mouth as well as the cheek. 

8. Pucker the Hps to whistle. 

9. Open the mouth, dropping the jaw evenly. 

10. Close the mouth with pressure, as in chewing. 
ij. Move the lower jaw from one side to the other. 

12. Run the tongue out straight. 

13. With the mouth open, notice whether the arch of the soft palate 
is the same on both sides, and whether it is lifted equally when 
the patient says “a-ah.” In addition to sagging on the paralysed 
side, the uvula may be drawn to the stronger side. 

Any difficulty with speech, swallowing, raising mucus, coughing or 
wieexing should be noted. 


Respikation 

It is difficult to grade the strength of the muscles of respiration, but 
varying degrees of paralysis, which may be unilateral or bilateral, are 
often detected in the after-care of patients who have had acute respira- 
tory involvement in the early stages of the disease. Careful observa- 
tion of the movements of the abdomen and of the chest waff is 
essential in order to determine whether the breathing is being carried 
on mostly by the diaphragm or by the intercostal muscles, and 
whether it is alike on both sides. A fluoroscopic examination will some- 
times be of assistance in showing the amount of excursion of the dia- 
phragm on the two sides. 

A normal child, lying quietly, moves the chest very little In ordi- 
nary breathing. With each Inspiration, there is a slight bulging of the 
abdomen from the increased pressure caused by the descent of the 
diaphragm. When asked to take a deep breath, the chest is raised, 
but normal children often fail to show more than one-half inch chest 
expansion unless they have been trained to do breathing exercises. 
For this reason, too much significance should not be attached to small 
chestexpansion in a poliomyelitis patient, unless there is a history' 
fnvoIveincnt - or unl “ 3 thw w obvious signs of unusual 
a uvn y the accessory' muscles in the effort to lift the chest. 
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Diaphragm. — 

1. Observation of an unusual amount of cheat expansion on each 
inspiration, accompanied by a sucking-in of the upper abdomen, 
indicates severe weakness of the diaphragm. 

2. The examiner may hold the patient's ribs firmly, to interfere with 
the action of the intercostal muscles in attempting to raise the cbest, 
while he observes the abdomen. A strong action of the diaphragm 
cm inhalation will produce a perceptible bulge in the abdominal wan, 
and respiration will go on without discomfort, In spite of the re- 
stricted chest movement. 

Intercostal*. — 

1. In severe paralysis of these muscles, with a good diaphragm, 

abdomen bulges markedly on each inspiration, and the chest * 
tens, particularly in the region of the lower ribs, which are socked 
In by the pull of the diaphragm. . . 

2. The examiner holds the lower ribs and the abdomen firmly agat 
motion, and the patient is urged to expand the chest with a deep 
breath. The scaleni and the sternodeidomastoids normallya 
raise the chest in forced inspiration, as do the serrati. P eC * 0T r?’ 
etc., but their action la much more marked when the intercostao 
are involved. 


Exercise*. — 

x. The patient should be taught to breathe with whichever moseks 
do not produce normal excursion on inspiration. .. 

Pressure on the ribs by the examiner’s hands wDl help to Ioonxc 
the action, by preventing movement at that point and forcing ex- 
pansion elsewhere. 

2. Arm-raising and rib-stretching exerdses should be Induded to pre- 
vent contracture* which may hold the ribs In a sunken position. 

3. Forcible expiration will also be useful. 


Equipment for Muscle Training 

The only equipment necessary is a table which can be made by 
carpenter. It should be large enough to support a patient lying „ 
j ^ Iegs in ful1 abduction. For many patients, espedany 
children, a somewhat narrower table will be satisfactory If the worker 
steadies the patient's foot or hand when it is extended over the edge- 
The exact measurement* will differ according to whether or not adults 
as well as children must be planned for, but It should be possible lor 
the average paUent to lie on hi. side with his hips flexed and the 
underneath leg extended at a right angle to hi. body. We have table* 
J™ '«'■ !•« md one-h.11 and »U feet to length, vrnytog in *? dt * 
i 11 *» not to have them hinged fot 
nble bock supports, .1 nny cracks or hingej Increase friction of pr°- 
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vide an obstacle which has to be avoided. For the same reason drop 
leaves on a narrower table, which is ordinarily used for other purposes, 
are not as satisfactory as a solid top. A table of the required sire may 
be built with folding legs and stood against the wall when not in use 
if the floor space is needed for other purposes. 

While a wooden surface may be used, patients will be more com- 
fortable if a few layers of harness felt are laid on the wood, extend- 
ing over Its edges, and this is covered by a smooth leatherette or a 
waterproof covering which comes for automobile tops. 

When it is necessary to give exercises in a bed, It is desirable to have 
as firm a mattress as possible, both to lessen friction and insure more 
accurate movements than can be obtained in a soft bed which sags 
in the middle. Often a board placed under the mattress, or a linoleum- 
covered board, like a table top, placed under the patient, will make a 
satisfactory substitute for a table. 

It should be emphasized again that It is not the equipment, but the 
choice of suitable exercises and the technic of giving them, that con- 
stitutes efficient treatment of paralyzed muscles. The kitchen table 
and even the kitchen floor have been utiliied many times in homes 
where no other facilities were available. 

Various aids may be devised to assist very weak muscles in produc- 
ing movements, or to reduce friction. Busting powder may be used, 
or slings to support the weight of the limb In exercises such as abduc- 
tion, with or without the use of pulleys or pendulum weights, A sup- 
port with a ball-bearing joint is sometimes used for the limb. Such 
devices may serve to stimulate the interest of the patient, but In most 
cases the bands of the worker can give more accurate localization of 
the movement, while at the same time giving the necessary support 
and assistance. 

The action of any mechanical exercises should be very carefully 
analyzed before consent Is given for their use by patients whose 
muscles are severely paralyzed, or whose muscle balance has been 
affected. The general criticisms ol their use are: 

1. Evidences of beginning fatigue cannot be recognized as readily 
as when the control of a movement is supplied either by the hands of 
an experienced worker or by a parent who has been accustomed to the 
reactions of that particular child. 

2 . Springs or weights may replace the active effort of the particular 
muscles most in need of exercise, while the stronger antagonists are 
still further developed. 

3- Other muscles may be substituted and the movement performed 
m a faulty manner. 

The danger of overfatigue, and the danger of neglect of scientific 
treatment on account of the use of some highly advertised mechanical 
appliance are the most serious arguments against their use 
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Therapeutic Exercise Pool 

The practice of giving muscle training in an exercise pool wfD be 
found beneficial to many patients. Its use seems particularly adapted 
to those whose muscles are so badly affected that they are able to 
produce little or no motion of the limbs on a table. 

It is customary to say that a muscle examination made in warm 
water will show a rating one grade higher than can be demonstrated 
outside. This is because the weight of the limbs is largely supported 
by the water, and the pull of gravity is either greatly diminished or 
entirely overcome, so that the part floats. In consequence, less strength 
is required to move the part, and an easier set of exercises can be 
evolved which are better graduated for very weak muscles, because 
they provide the right amount of work without the Insensible fatigue of 
overexertion. Undoubtedly, the patient's enjoyment of the exerdse 
period stimulate* him to greater effort and so hastens his progress. 

The same care must be given to the choice of exercises suitable to 
the degree of weakness of the muicles, and to the relative strength o' 
the opposing group, as has been previously described. Equal attend® 
most also be paid to localizing the movements in the desired muscles. 
The danger of the stronger muscles’ neglect of the weaker ones, in 
general and recreative movements in the water, is just as great as on 
land. The Instructor of normal children In the swimming pool is J» 
more qualified to undertake the treatment of infantile paralysis Pa- 
tient* in the water, than the physical education instructor is qualified 
to treat them in the gymnasium. It is far better to teach the mother 
just what exerdses should be done, either on a table or in the water, 
than to refer the child to the general swimraiog pool as a substitute 
lor treatment. The general swimming pool may be of some benefit 
to tie chrome case, as a healthful recreation in which be can pardd- 
pate with others, but it does not constitute efficient treatment and m*y 


do definite harm i 


... , increasing deformities. 

Mil eaerdse pool of any size has the same problems as any 

other pool with regard to sterilization of water, overflow drains, dean- 
1 in ess, etc. Salt water may be used for additional buoyancy but is not 
necessary. 

Ule Otfdroj’s Hospital, Boston, has a redrculatl® jy* 
liquid chlorine, and triple gravel filtera. ^ 

o 1 s < nartn^^rntml 0l0 ^ C rEportJ are alrao,t «Ierbe, and at an average of 
ra .K? ° reJdual chlorine, there are very few compbito u 
of irritation to the mucous membrane or eyes. 

1,111 a .‘ a "“Perature^if 90 to 94° F. 
thH tetnw^tuJTu^ y Patients will complain of cold. While 

rsnslne n to., of vJu. V ’ *muerrhat belorr body temperature, tnu. 

** “ ld 'tabs and pooTdrculadoo cl 

paraljied patients do not have the quldc reaction and extra product!® 



Therapeutic Exercise Pool 


Ckirt*r *1 77 

Tatam nJ * * 



Fra. 40 — Pool for mude training— empty. 


>7(1 rcuptw I 
' 0 II 


Infantile ParaljTO 


THEKAPEtmc Exercise Pool 

The practice of giving muscle training fa an exerdse pool will be 
found beneficial to many patients. Its use seems particularly adapted 
to those whose muscles are so badly affected that they are able to 
produce little or no motion of the limbs on a table. 

It is customary to say that a muscle examination made In warm 
water will show a rating one grade higher than can be demonstrated 
outside. This is because the weight of the limbs is largely supported 
by the water, and the pull of gravity is either greatly diminished or 
entirely overcome, so that the pert floats. In consequence, leu strength 
is required to move the part, and an easier set of exercises can be 
evolved which are better graduated for very treat muscles, because 
they provide the right amount of work without the insensible 
overexertion. Undoubtedly, the patient’s enjoyment of the exercise 
period stimulates him to greater effort and so hastens his progress. 

The same care must be given to the choice of exercises suitable to 
the degree of weakness of the muscles, and to the relative strength of 
the opposing group, as has been previously described. Equal attend® 
must also be paid to localizing the movements in the desired muscles. 
The danger of the stronger muscles’ neglect of the weaker ones, in 
general and recreative movements in the water, is just as great ns 011 
land. Tbe instructor of normal children in the swimming pool Is 00 
more qualified to undertake the treatment of Infantile paralysis P*| 
dents In the water, than the physical education instructor is quango 
to treat them in the gymnasium. It is far better to teach the mother 
just what exercises should be done, either on a table or in the water, 
than to refer the child to the general swimming pool as a substitute 
for treatment. The general swimming pool may be of some bench 
to the chronic case, as a healthful recreation in which he can partici- 
pate with others, but it does not constitute efficient treatment and may 
do definite harm in increasing deformities. 

A therapeutic exercise pool of any sire has the same problems as any 
other pool with regard to sterilization of water, overflow drains, dea*»- 
Ifness, etc. Salt water may be used for additional buoyancy but h 001 
necessary. 

Tbe pool at the Children’s Hospital, Boston, has a redrcuMion 
tem of continuous flow, liquid chlorine, and triple gravel filters. Tbe 
laboratory bacteriologic reports are almost sterile, and at an average or 
° j part per million of residual chlorine, there are very few comply 
of irritation to the mucom membranes or eyes, 

'J?! er muit ** at o temperature of go to 94° F. (3 1 -?’ i® 
34.44 C.), or severely paralyzed patients will complain of cdi. 
this temperature Is uncomfortably , DonTO J H sSw«M 

be borne in mind that it is Knwwhat ^ temperature, tto» 

causing a loss of body heat Tbe cold limbs and poor circulation” 1 
paralyzed patfenu do not hare the quick reaction and eitra products 
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see which ones are best suited to the functional ability of the muscles. 
Some poor muscles will function best in a movement parallel to the 
surface of the water, while others accomplish more either in lifting 
the part toward the surface or in the opposite position of submerging 
it The tension of the antagonistic muscles and the ability of the part 
to float are conditions which affect the difficulty of the exercise. 



The trunk muscles respond especially well to exercises In water and 
a greater variety can be worked out for weak abdominal and back 
muscles than can be performed on a table. 

The balance of the head and trunk In the erect sitting position may 
t* gained by practicing in water which reaches above the shoulders, 
ine patient who has to learn to walk over again, using braces and 
crutches, makes much faster progress if he has had a preliminary 
training i n the pool Leg splints and a corset may be worn in the 




80 [&EJA 


Infantile Panlysb 


of heat with which the normal person responds to a lower temperature, 
and chilling results, with consequent loss of muscle effectlveoe**. 

The routine precautions observed to prevent a spread of infedkc 
Include nose and throat culture, Wassermann test if the history sug- 
gests its need, warm soap scrub on a table under a shower, and cartful 
inspection for signs of a skin infection, a rash or a cold. Ambulatory 
patients wear paper slippers over bare feet outside the pooh 



Fra CUlvmlttd-Injn ertreUoa tpBoti for watkto* in tb* 


A ij- or ao-mJnute ret should be required niter the exercise prfol 
A tnble submersed in the poo] about IO jnche5 below the surfs£ 
will be found of assistance In sivfng many exercise*. The legs may « 
fastened in sockets on the bottom of the pool If It Is desired <o 
the table remosuhle. or one end mny be hun K from the hand rad 
with rvrfshted less at the other end to hold It down. An InclfM" 
plinth under water will also he found useful 

Many of the sany exercise positions may be used In the watrt. 
but ft will be found necessary to try out the different positions <° 
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pool to prevent faulty weight bearing. The problem of maintaining the 
balance, while shifting the weight from side to side as the legs art 
moved, is made much easier when the body Is supported by water of 
shoulder depth. 

Other problems of dally life, such as going up and down stain 
and sitting down and getting up out of a chair, may be mastered 



Frc 45 —raUimmJ.htm »plinl% comt *nd .Un* (ot wittU* to ti* pooL 


more enjtly In the water. Low emir, w) th ^ extending <** 

ZZgSZ ZRSZ™ * '-V urefu, in helping to mnte 

tub ’’ o[ vcr >- advantage to rec«»y 

,tl 0 ' Tm 7', L '' ™ •* ™de without poin In the winn 
7 ”, r ' ,bf , ! «»ltlvme« hae gone, end anlmmedlate de- 
creare In rendUvrart, fa usually noticed Then physical therapy t«at- 
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meat is started in this way. Instead of using the large pod, we prefer 
to submerge such patients on a Bradford-frame In a table tub about 18 
inches deep (large enough for one patient). About ioo° F. (37.7S 0 C.) 
is the usual temperature while sensitiveness remains. No attempt h 
made to force painful movements, or to carry through a list of exer- 
cises, The patient is allowed to move as he likes, and confidence a 
gained in the shallow water. If there are beginning contractures, the 
patient is encouraged to try to overcome them, but no painful stretch- 
ing is done. The patient remains in the water about ten minutes sod 
is then lifted on the frame and dried off with as little movement 
of sensitive joints as possible. 


Physical Therapy in Postoperative Conditions 


Muscle training after tendon transplantations is of the greatest im- 
portance, as the after-treatment may mean the success or failure of 
the result. 

After a tendon transplantation, the part must be immobfllxed in 
the corrected or ovrrcor reeled position. There is danger that atrepby 
and weakening of the muscle will take place, if complete immobfli»* 
tion is continued for any considerable length of time. It is essenthh 
however, that time enough should be allowed for the transplanted 
tendon to become firmly attached to its new insertion, before fifiowioS 
any motion. 

A tendon should be firmly enough attached after twelve or fourteen 
days to allow some pull to be made upon ft. It is my rule to begin 
baking and superficial massage without motion when the stitches *te 
taken out, usually after eight or ten days. At this time, the part® 1 
should also begin to “set" the muscle, making one or two attempts to 
contract it. After twelve to fourteen days, the number of times the 
muscle fs contracted may be gradually Increased, depending upon its 
response, so that after two weeks regular muscle training is being 
earned on. 


. * n tenses where a tendon has been transplanted to snch a place that 
its new function will be entirely different from the original one, it h 
oft™ necessary at the start to tell the patient to carry out the former 
funi Hun m order to have him perform the new one. Patients will gradu- 
nlly learn with practice to perform the new function, and as socm « 
thi, is accomplished the original function should be dropped from 

thr list of exercise,. J( th „,, m 0Ihtr muK .]„ „f , u ffidetlt Strtng* 

to initiate the movement, or to assist the transplanted muscle in Us 
new post am. i wi regain good functional use more quickly. 

"‘f 1 “! wa y' be taken to prevent muscle fatigue fmO 
the tn.itm,ni rast as in the muscle training of case, where there bat 
hern no oprr.iliun \ weaker response should be the signs! for 
rather than lor repeated elTorls to demonstrate the ability to function- 
The 111-t l»o'lojKrati\e treatments should be given with the part 
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ra ring in half of the bivalved plaster. Baking, superficial massage and 
reeducation of the transplant can be given in this way before it is safe 
to have the part unsupported. The region of the incision may be left 
covered by a small dressing if It is not entirely healed, wbile treat- 
ment is given to the rest of the muscle. 

Tendons of partially paralyzed muscles must be carefully protected 
from stretching, and they require a longer period of rest after their 
attachment in a new position than Is necessary after the suture of a 
divided tendon whose insertion has not been disturbed. 

A bone operation, such as a stabilization, must be treated as a 
fracture, whether or not a muscle transplantation has been done at 
the same time. Baking and massage may be started in two weeks, 
provided that care is taken to prevent any motion at the joints 
operated upon, and muscle training for a transplantation may be added 
in about four weeks. 

It is important to carry on massage and muscle t raining to keep up 
the circulation and tone of the affected muscles in other parts oi the 
body during a period of postoperative inactivity. Light work of this 
kind can usually be started £oon after the disappearance of the early 
postoperative reaction and discomfort, provided that care is taken to 
avoid any exercise or position which may cause strain cm the Im- 
mobilized part 

When weight bearing has been resumed, much can be done in many 
cases to improve the patient’s gait by special training to overcome 
faulty habits, and to Insure the use of a transplanted muscle in walk- 
ing. Instruction is often needed to aid the patient in acquiring good 
balance of the body after stabilization operations on the feet 

Much time can be saved and better results obtained, if an intelligent 
use is made of physical therapy measures following operative pro- 
cedures in the treatment of poliomyelitis. 


Necessity of Follow-up 

The importance of follow-up treatment in the after-care of polio- 
myelitis is very great. 

Since the maximum recovery from the effects of an attack of 
poliomyelitis can not be obtained in a few weeks or months, If there 
has been any considerable degree of paralysis, but is a loog and tedious 
process In which the outcome is dependent upon the regular and 
faithful co6pe ration of the patient and his family, some thought must 
^ Kjvcn to the problem of obtaining, and keeping, this codperation. 

The parents of children affected with poliomyelitis should be given 
an honest, heart-to-heart talk about what they have to expect- and 
should have it explained to them that no one can tell how much 
TnJ* ma , de ^ muscles, but that whether or 

not their child regains the maximum amount possible to him depends 
to a large extent upon their faithfulness In carrying out treatment 
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They should understand that there will be periods when no appreciable 
gain will be made, but that neglect of treatment may allow the develop- 
ment of serious deformities, and that muscles often start In to gain 
again after a stationary period. 

They should also realize that there are charlatans who will pitch* 
perfect cures, and that, on the other hand, there are reputable doctors 
who do not yet realize the improvement that can be gained by carefully 
planned muscle training and will tell them that it is not worth whits 
to do anything more than wear braces. It is easy to understand the 
discouragement and the perplexity that the parents of paralyzed chil- 
dren must often fed, and they should be given every legitimate encour- 
agement to carry on, for the good of the child. 

Daily treatment by an expert in muscle training, with the frequent 
supervision of the surgeon, is of course the ideal method of treatment- 
Obviously this is possible for only a limited number and cannot be 
arranged for any large group of patients with restricted financial 
means, who are scattered over a wide area. 

Careful instruction of the mother so that she may carry c« the 
proper exercises correctly, in between the day’s when she reports to 
the clinic, is the only practical method of follow-up. 

It is our policy in the Harvard Infantile Paralysis Commissi® 
Uinic to have cases report three times a week to the clinic at the 
start of their treatment, so that the progress of each muscle may be 
watched carefully, and the parent instructed In the exercises *1* 
should carry out at home on the other days. 

It is true that some parents are incapable of understanding *°d 
carryingout instructions in muscle training, but a fairly intelligent 
mother will soon learn to carry out exercises, if she realizes their value, 
S jiS? and rmide to perform them herself a few times coder 
the direction of a capable worker. These home exercises are of vital 
importance, for a patient will certainly lose muscle power If the treat- 
!!S‘ , Sf 4 f’V 1 '? 1 OTt <Wly- For this reason, 11 Is necessary for 8 
Si!fS art2>, 0 W work ' T 10 have the ability to tetrad the 
th * r ooaperatiem. As the parents Jeam to cany « 
j “ out supervision, the patients’ visits to the clinic ire 
'? ° nce a wetk . and later to the intervals rf** 11 

ifu aelr pr °S re “ *<”***«* by a ' » u n!»n- , . 

.. 11 for many parent* tn hrfntr tb» to the eS™? 


vrftfc 


T P" CTt « to bring the patients to 

^ they must do tte best they 

a ? d rrpm » ofl «> as possible. In orderW 
any orcanixatlon rS?* 1 caw * is carried on, and not negieried, 

to’reach the naUmt*"** * 0 Now-up work must provide field ww*”* 
Z*™ L L re8uIar 5n tervalx. This may be done to some 

wht* % te « •» 1* taHuth/rf so^ledt^; 

at weekly or other T 7 . workers at convenient local center* 

i !a,c '’J hc rr£ 

raiment which would have been given *t tnc 
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hospital clinic and supervises the mother’s methods of giving the exer- 
cises. She also notices whether the surgeon’s instructions are being 
carded out and later reports to him any change in the patient’s con- 
dition which requires his attention. 

These treatment clinics held near the homes are often more effective 
In encouraging the parents to continued effort than home visits, since 
they have the opportunity to see the progress that other children are 
making, and to hear how other mothers manage to meet the problems 
of getting in the dally exercise period and of making the children carry 
out the doctor’s other instructions. 

After muscle training has gone on for a few weeks, some muscles 
will be seen to have regained power faster than others. For this reason, 
it may be advisable to lessen the amount of exercise given these 
muscles and put more stress on the ones that are not re ga i n i n g power 
so fast, in order to prevent any increase in imbalance. 

At regular Intervals, all patients should have a routine check-up by 
the surgeon, which should include the following points: 

i. A complete reexamination of muscle power, which is made at 
Intervals of once a month for the first three or four months, and then 
every two months during the rest of the first year. An examination 
every four months is often enough for the older cases. 

This examination will determine the choice of muscles to be strength- 
ened by the physical therapy worker until the next examination, and 
win also control the decision of whether braces may be gradually dis- 
carded or should still be continued. 

2 . An Inspection of the braces, at least every three or four months, 
to insure that the chronic cases who require them permanently have 
the necessary alterations and repairs to match their growth. 

3. From these routine examinations, it can be determined whether 
the progress of the case is satisfactory in regard to muscle recovery, 
or whether a stationary period has been reached. If the latter, there 
should be a consideration of whether some operative procedure may 
now be of service, without further delay. 

What Can Be Expected from Physical Therapy 

It has been stated earlier that the greatest amount of spontaneous 
recovery of muscle power occurs during the second stage of polio- 
myelitis. This is the recovery following the absorption of the edema 
which had made pressure on some of the nerve centers of the spinal 
cord and temporarily interfered with their function, but had not 
destroyed them. 

The greatest gain due to muscle training is made in the firxt nine 
months to a year of treatment. When the nerve centers controlling 
muscles are partially impaired, weakness or partial paralysis of those 
musaes Is present Such rausdes will gradually gain In power by 
irequent repetition of active contraction of their muscle fibm, but 
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They should understand that there will be periods when no appreciate 
gain will be made, but that neglect of treatment may allow the devdcp- 
ment of serious deformities, and that muscles often start In to gain 
again alter a stationary period 

They should also realise that there are charlatans who wffl promise 
perfect cures, and that, on the other hand, there are reputable doctofl 
who do not yet realize the Improvement that can be gained by 
planned muscle training and will tell them that It Is not worth wane 
to do anything more titan wear braces. It is easy to understand the 
discouragement and the perplexity that the parents of paralyzed cm-*" 
dren must often feel, and they should be given every legitimate enow* 
agement to cany on, for the good of the child. 

Daily treatment by an expert In muscle training, with the Ireqoan 
supervision of the surgeon, Is of course the Ideal method of treatment* 
Obviously this is possible for only a limited number and cannot M 
arranged for any large group of patients with restricted nmnctfi 
means, who are scattered over a wide area. . 

Careful instruction of the mother so that she may carryoo me 
proper exerdses correctly, In between the days when she reports 
the clinic, is the only practical method of follow-up. 

It Is our policy in the Harvard Infantile Paralysis Comminicfl 
CUnk to have cases report three times a week to the dime at u* 
start of their treatment, so that the progress of each musde may t* 
watched carefully, and the parent instructed in the exercises 
should cany out at home on the other days. j 

It Is true that some parents are incapable of mKlerstanding * 
carrying out Instructions In musde training, but a fairly InteJugra 
mother will soon learn to carry out exercises, if she real ires their varw, 
after being shown and made to perform them herself a few times unoer 
the direction of a capable worker. These home exercises are ol 
importance, for a patient wfll certainly lose musde power If the uee 1 ' 
ment Is not carried out dally. For this reason, It Is necessary a 
dlnkal physical therapy worker to haw the ability to instruct uw 
parents and obtain tbeir cooperation. As the parents learn to rarry 
correctly without supervision, the patients’ visits to the din* 
madually decreased to once a week, and later to the Intervals when n 
,, , , e t0 T J? v * progress Inspected by the surgeon. . 
It Is impossible for many parents to bring the patients to the chm*- 
three times a week. In these cases, they must do the best they 
less frequent Instruction and report as often as possible. In % 
Insure that the treatment of such cases is carried on, and not negiedco, 
any organkation doing follow-up work must provide field workers 
l JL rC3 , C * h , ^ R 31 ™ 1 ? at rc « ular intervals. This may be done to wme 
extent fay vistai u> the homes, or by the InstitatioD of so-called treat* 
ment clinics which are held by the workers at convenient local rente* 
at weekly, or other, Intervals. At these treatment dudes, the work* 
carrier out the same treatment which would hare been given at m 
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hospital dime and supervises the mother’s methods of giving the exer- 
cises. She also notices whether the surgeon’s instructions are being 
carried out and later reports to him any change in the patient’s con- 
dition which requires his attention. 

These treatment clini cs held near the homes are often more effective 
in encouraging the parents to continued effort than home visits, since 
they have the opportunity to see the progress that other children are 
making, and to hear how other mothers manage to meet the problems 
of getting in the dally exercise period and of making the c hil dren carry 
out the doctor’s other instructions. 

After muscle training has gone on for a few weeks, some muscles 
will be seen to have regained power faster than others. For this reason, 
it may be advisable to lessen the amount of exercise given these 
muscles and put more stress on the ones that are not regaining power 
so fast, in order to prevent any increase in imbalance. 

At regular intervals, all patients should have a routine check-up by 
the surgeon, which should include the following points: 

1. A complete reexamination of muscle power, which is made at 
intervals of once a month for the first three or four months, and then 
every two months during the rest of the first year. An examination 
every four months is often enough for the older cases. 

This examination will determine the choice of muscles to be strength- 
ened by the physical therapy worker until the next examination, and 
will also control the decision of whether braces may be gradually dis- 
carded or should still be continued. 

2. An inspection of the braces, at least every three or four months, 
to insure that the chronic cases who require them permanently have 
the necessary alterations and repairs to match their growth. 

3. From these routine examinations, it can be determined whether 
the progress of the case is satisfactory in regard to musde recovery, 
or whether a stationary period has been reached. If the latter, there 
should be a consideration of whether some operative procedure may 
now be of service, without further delay. 

What Can Be Expected fboii Physical Thekapy 

It has been stated earlier that the greatest amount of spontaneous 
recovery of musde power occurs during the second stage of polio- 
myelitis. This is the recovery following the absorption of the edema 
which had made pressure on some of the nerve centers of the spinal 
cord and temporarily interfered with their function, but had not 
destroyed them. 

The greatest gain due to musde training is made In the first nine 
months to a year of treatment When the nerve centers controlling 
muscles are partially Impaired, weakness or partial paralysis of those 
musdes is present Such musdes will gradually gain In power bv 
irequent repetition of active contraction of their musde fibers but 
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wIU only mate their maximum recovery when protected from such 
unfavorable conditions as fatigue, over-use, stretching, etc. On the 
other hand, if these muscles are not caused to contract by exercise, 
they will weaken from disuse, atrophy and gradually degenerate. 

• After the first year, weakened muscles wEB continue to gain rads 
treatment, but their progress will be much slower than that of the 
uninvolved muscles which, will g gjn at the normal rate. For this iea** 
too, after-care should be carried on for many years after the onset, 
In order to guard against an increasing Imbalance which mty 
about late deformities. However, the actual gain made by the weakened 
muscles after the first year Is of sufficient Importance to warrant keep- 
ing up muscle training. 

Just how much power can be regained, eventually, depends n P c ® 
the amount of permanent Injury which has been done to the ocvf 
centers. If all the nerve centers controlling a muscle have been <** 
stroyed, there can be no return of power under any treatment, bat the 
examiner Is not justified in assuming this to be the case, on the strength 
of not obtaining any remnant of muscular contraction in the eanf 
examinations. A survey of 393 muscles which were rated totally gc®e 
on the Initial examinations disclosed that two-thirds of these mtracies 
showed some return of power after two years of treatment. Wh® we 
group with the totally paralyzed muscles the next grade, coniisUB£ 
muscles which sometimes show a remnant of response but are UJJ 80 * 
b) produce any movement of the part to which they are attached, ** 
find that a 5 per cent, or cme-fourth of a total of 694 muscles tmawe 
to produce any movement on the first examination, are able to lunc 
tion against gravity after two years of treatment. .. » 

Muscles which are able to produce some movement at the y 1 *, 
the initial examination, of course, show a greater proportion ot g*®; 
Of 6137 muscles able to produce some movement, 89 per cent wew 
Q A« t ?t/ UnC t^ on a €aiust gravity two years later. 

At the end of two years’ treatment, a survey showed that M P” 
cent ot an the muscles in any degree affected had become normal 
Only 13 per cent of the muscles which were classified a* 
had not recovered to normal; 01 per cent of the “fair 11 muscle* 

° r normaI; S 8 P« cent of the “poor” "" nd “ K 
r«oh«l good or normal; and 31 per ant more bad become W, 
(hMfcR they were able to overcomV gravity. 

e!v ' “ 1<ka of actual gain in trrajdc •tt'’ 1 ®£ 
. I-. 1 1 eapected from treatment, but they do not abort 

additionalvahie, to tbe Individual patient*, ol the training 

Z ?£to£ Ml* tWr •««»■ I^Sworda, &****£ 

W to rSTfrii? ^ ucaU(m which teacho them bow to waft 
as well Sow (n^f 8 themselves Independently ‘ ^ 

P"' 0 ™ "any of tbe other acta of normal Hfc 
todMdSal, and a ' ndc P“ ,ta,t > ‘‘“'S* 1 but* CT l ,prf ’ 



CHAPTER NINE 


PHYSICAL THERAPY IN CEREBRAL SPASTIC PARALYSIS 
Edwin W. Ryerson, ME. 

Cerebral spastic paralysis, for the purposes of this paper, will be 
considered under three headings: (i) The Congenital Form In Chil- 
dren. (a) The Acquired Form in Children. (3) The Acquired Form In 
Adults. 

The Congenital Form in Children 

The congenital form Is usually due to injury during the process of 
parturition, the skull being compressed during its passage through the 
birth canal, with a resulting intracranial hemorrhage from tom blood 
vessels. The extent of the hemorrhage and its location will determine 
whether the infant dies immediately or lives with a greater or lesser 
degree of damage to the cranial contents. 

Routine lumbar punctures in more than nine hundred new-born 
babies showed blood in the spinal fluid in nearly 12 per cent, as re- 
ported by William Sharpe and Hines Roberts, but only a few showed 
any clinical signs of birth Injury. 

The hemorrhage is most often over the cerebrum and usually limited 
to one side, beneath the dura, but may be tentorial or from the large 
central veins. 

Premature babies are especially liable to intracranial hemorrhage 
because of the thinness of the skull and the fragility of the blood 
vessels. 

Hemorrhages of considerable size are apt to result in porencephalic 
cavities, which were formerly considered to be developmental defects. 
These are generally in the cortex and are due to tearing of tributary 
veins to the longitudinal sinus by the overlapping of the parietal bones 
as the head Is compressed and molded during delivery. 

The clinical signs of intracranial hemorrhage in Infants are usually 
asphyxia and difficult resuscitation. The child Is feeble, does not nurse 
and may be more or less comatose. There may be spaatidty or con- 
vulsions. The fontanels may be tense or bulging. A lumbar puncture 
should always be made In doubtful cases, and if bloody spinal fluid Is 
found, under increased pressure, the diagnosis is practically certain. 

The roost common form of congenital cerebral spastic paralysis Is 
Paraplegia, affecting both legs. It is usually called Little’s disease and 
*as described by him In 1862. When the arms are also Involved it Is 
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S-ST-W- Hemiplegia i. almost as common. Frank R. Fort, 
brrd i rllnlpm? t | aph pubU3 ? td 1,1 *9*7, state* that true congenital cere 
‘“!? ,e P a L* 9 a PPa«o«y not related to birth Injury or to mmfaml 
b - Ut 15 due , t0 obacure developmental delects. The dWrjtu 
m)Ury 0t hemorrha « e he P r ' fer3 to call “Materdte? 

The Acquired Fotuu in Ch ildren 

i 0 ™ of cerebral spastic paralvsis In chfldren is usnaBr 
^ mfeclIoI h as from the middle ear or in the course of rao- 
diseases. Direct injury to an intracranial blood vessel b aa 
enthuse. Spontaneous rupture of an artery, and thrombosis 
and embolism are rare in children but common in adults. 

The Acqutjled Form in Adults 

p f ra ty aia of the cerebral type usually occurs In persons 
year* *« * e fe { 111 whom a ^lood pressure has existed for many 
Drerifirv><~r 3UIt i, 0 T f rcilal or disease. Infectious endocarditis 

of the rrr*>K f m k° l k ra f and syphilis is a frequent cause of thrombosis 
called arxvni-Tn RtJ pture of a vessel In the brain, commonly 

bosls p 5? 14p4 frequent than embolism and throm- 

^ loca^n ^ ? dW ? B > In aU of these cases will depend op* 

diately or w r t uf n CXt f Qt ° f ^ IesJ ons. If death does not result imme- 
menf in mrxf ^ * few general tendency Is toward improve- 

b - ‘ “ ta " * * 

not be d etaHcd ^^cb may cause Intracranial lesions need 

Physiotherapeutic > ° f ^ 05 the physical results and the 

Uooed before! ™ tment ar * Practically Identical with those men- 

TBF»nr»>T* 

cases of congenital 

vu ucxermin* — — v, it is of the greatest 

lining the course nfT . mcn ^ condition of the child before out- 
W\-cr become oJ! H? 1 " Children who are imbeciles or Idiots 
nomic problem to and it is a difficult social and eco- 

to leave them as tW lo improve their physical abilities or 

be less disadvanta^™,. 11 , WIot *bo b incapable of walking about 
Po^nrs of locomotion. oh US to a C0C 'mimHy than one who has tub 
might well hesitate to cwnm on humanity, however. one 

science might afford. It hi Jlf*S r . ,ndiv M«*> the help which media 1 
impossible, in tome cases, to measure «rcu* 
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rately the mental capacity of very young children, and it Is also true 
tha t medical or surgical treatment of the spastic disabilities sometimes 
produces considerable Improvement In the mental status. For such 
reasons, then, public policy may dictate attempts to relieve even those 
who are severely handicapped. 

In the absence of indications for cranial operations, the plan of 
treatment involves certain fundamental principles. 

The rljni ml picture is that of an Individual who has not, in the 
strict interpretation of the word, a true paralysis of any of his muscles. 
Every muscle in his body is intact and is capable of the normal range 
of contraction and relaxation, and the peripheral nerves, both motor 
and sensory, are undamaged. The motor centers in the cortex, how- 
ever, have been compressed and Irritated, or even destroyed, by the 
cortical Injury and are no longer able to transmit properly the desired 
stimuli to the motor nerves. This results In a disarrangement in func- 
tion of the muscles supplied by the damaged area of the cortex. Some 
of the muscles are overstimulated and contract too strongly. The 
opposing muscles are understimulated and fail to balance these strong 
contractions. The patient is unable to regulate voluntarily the un- 
balanced forces, and an incoordination of movement naturally results. 

In the ordinary paraplegia of Little’s disease, the large calf muscles, 
the gastrocnemius and the soleus, become overactive and pull too 
strongly upward upon the heel, producing the familiar equinua de- 
formity of the foot. The child, therefore, walks upon the ball of the 
foot, with the heel raised above the floor. Si mil a r ly, the great hamstring 
muscles in the thigh overbalance the extensors and cause flexion of the 
knee. In most cases the three adductors of the thigh also act too 
strongly and draw the knees together so that they interfere with or 
even cross each other. 

The treatment of this condition is carried out by frequent manipula- 
tion, several times daily, of the feet and legs; the knee, ankle and hip 
being put through the full normal range of motion and held In complete 
overcorrection for some minutes at a time. The resistance of the 
muscles can always be overcome by firm, steady pressure, which will 
cause no actual pain whatever, but which at first is often objected to 
by the patient After the muscles have been relaxed and stretched by 
these manipulations, an attempt is made to have the child perform 
some voluntary movements of a simple nature, dorsiflexing the foot, 
extending the knee and abducting the thigh. Deep massage and knead- 
ing of the muscles may reduce thdr spasticity but must be done slowly 
and firmly, because rapid and light tapping massage tends to increase, 
rather than to decrease, muscular irritability. 

No form of electrical stimulation should ever be used In any variety 
of spastic paralysis. Galvanism and farad ism, therefore, are absolutely 
contraindicated. 3 

No alternations of heat and cold, as for example, “contrast baths n 
should be used. ’ 
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known as diplegia. Hemiplegia Is almost as common. Frank R. Ford, 
in his monograph published In 1927, states that true congenital cm- 
bral diplegia is apparently not related to birth injury or to meningeal 
hemorrhage but is due to obscure developmental defects. The diplegas 
caused by Injury or hemorrhage he prefers to call “Trilateral hemi- 
plegia.” 

The Acquired Form in Children 

The acquired form of cerebral spastic paralysis in children Is usually 
caused by infection, as from the middle ear or in the course of con- 
tagious diseases. Direct Injury to an intracranial blood vessel »an 
infrequent cause. Spontaneous rupture of an artery, *nd thramwsu 
and embolism are rare In children but common in adults. 


The Acquired Form in Adults 

Adult spastic paralysis of the cerebral type usually occurs to persccs 
past middle life, In whom a high blood pressure has existed for many 
years as a result of renal or cardiac disease. Infectious endocami 
predisposes to embolism, and syphilis is a frequent cause of thrum 
of the cerebral vessels. Rupture of a vessel In the brain, 
called apoplexy, is perhaps more frequent than embolism and tn 
hosts. The resulting disability in all of these cases will depend . up* 
the location and extent of the lesions. If death does not result imme- 
diately, or within a few days, the general tendency is toward improv^ 
ment; in most cases a great deal of benefit can be afforded Dy u* 
proper physiotherapeutic treatment . 0 f 

Nearly all of the acquired spastic paralyses are unilateral 
the hemiplegic variety, affecting the arm and leg of the side opf *® 1 

to the cerebral lesion. 

The more unusual diseases which may cause Intracranial lcsIoia J*S 
not be detailed In a work of this kind, as the physical remits andu* 
physiotherapeutic treatment are practically identical with those men- 
tioned before. 


Treatment 

In Children. — Considering first the ordinary cases of 0 °°^^ 
cnrebral spastk paraplegia, or Little’s disease, it is of ti* 
Importance to determine the mental condition of the child before 
lining the course of treatment Children who are Imbeciles orl » 
can never become useful dtkens, and it is a difficult soda' and eco- 
nomic ptobtan to decide whether to Improve their physical oMUU«? 
to leave them i as they are. An Idiot who is tncapablT of walUniS *•"!, 
may be less dUadvantageous to a community San one who has MI 
i ‘£T, U ° n - S” ° [ common* humanity, bowev^ 

T d f° y t0 “">■ individual the help which n*®r 
^ence might afford. It U Imposstble, In tome cases, to messttre seed" 
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After these operations, the legs and feet are encased In a doable 
pi aster-o f-paris spica, with the knees straight, the feet in the neutral 
right-angled position and the legs widely abducted. In six weeks or 
less the splca is removed, and physical therapy is again instituted. 

The Band . — In cases of hemiplegia, the hand and arm may be 
seriously disabled, and the problem of restoring function here is much 
more difficult thp n in the legs and feet because of the more highly 
differentiated character of the demands upon the upper extremity. The 
elbow and wrist are usually flexed, and the hand is apt to be deviated 
to the ulnar side, with marked adduction of the thumb. Voluntary 
attempts by the patient to perform movements with the hand or fingers 
cause incoordinated contractions of the muscles, so that proper func- 
tion is impossible. A long course of faithful physical therapy and 
muscle-training must be persisted in, and in some cases the results are 
very satisfactory. It Is of great benefit to tie tbe normal hand and arm 
behind the back, so that the child is obliged to use the spastic hand 
for all purposes of work or play. It is often difficult to obtain the 
cooperation of the parents in this procedure because of their undue 
sympathy with the struggles of the child to escape from the bondage. 
The hand should be Incased in a long mitten or bag, made of strong 
cloth or leather, which is laced or tied to the wrist or above the elbow 
and Is in turn fastened securely to the waistband in the back. When 
this can be conscientiously carried out, it is the most successful method 
known to the author. 

In spite of all possible conservative measures of treatment and 
education, there will remain a rather high proportion of patients who 
will not obtain sufficiently good function. For these, considerable bene- 
fit may result from well-planned and well-executed operative proce- 
dures. The flexors of the wrist, namely, the flexores carpi radlalis and 
ulnaris, may be lengthened by open division. When pronation of the 
hand is extreme, the pronator radii teres may be divided or may be 
transplanted behind the radius so as to act as a supinator, as in A. H. 
Tubby’s operation. It may also be necessary to cut the pronator 
quadratus, just above the wrist joint, on tbe palmar side. 

The adducted position of the thumb, due largely to overaction of the 
oppooens polUds, is difficult to remedy. Simple division of this muscle 
Is not usually satisfactory. It is probably better to cut the small branch 
of the median nerve which supplies this muscle, the incision being 
made at the base of the thenar eminence. 

Undue flexion of the fingers is another stumbling-block. If tbe flexor 
tendons be lengthened by open operation, the result Is apt to be vitiated 
by a mass of adhesions, all of the tendons becoming matted together 
with no possibility of Individual notion. In a few cases, the tendon of 
origin of the flexors has been detached from the condyle of the 
humerus, with considerable benefit This, of course, lengthens only the 
long head of the flexor subllmis, but the dissection can be carried down 
to Include the ulnar head of the flexor profundus. Both of these muscles 
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Braces, splints, and plaster-of-paris casts are of little use In cerebnl 
spastic paralysis. They do not prevent contraction of the muscles, nor 
do they aid in locomotion. Their only field of usefulness Is to immcfcil- 
ixe the extremities for a suitable time after operative procedures havt 
been instituted, as will be described later in this article. 

The dominating factors of the conservative treatment are, first, to 
make the muscles flexible and relaxed by stretching and kneading xnd 
then to teach the patient to use the muscles in the proper manner- 
Success can only be attained by constant effort and inexhaustible 
patience on the part of the attendant. Instruction carried out in clu*e> 
is very valuable, as the stimulus of competition and association with 
other similarly afflicted children leads to more rapid Improvement. Tins 
is well exemplified at the Spaulding School for Crippled Children Tn 
Chicago, where for some years a special department for spastics has 
been conducted with great success. 

Later Treatment. — Faithful perseverance In the cccaervatte 
treatment should be continued for many months. If it then becomes 
evident that the spasticity is too great to respond to the simpler men* - 
ures, operative interference should be considered. . 

There are two distinct methods of operation 'which have stood tne 
test of time: 


i* Lengthening of tendons and muscles. 

a. Reduction of nerve supply to the spastic muscles (Stoffel’s opera- 
tion). 

Neither method produces perfect results in any case. Both method* 
lessen the spasticity very materially. Tendon lengthening Is easferjuw 
is not destructive. If too great lengthening should occur, the tenooo 
ran readily be shortened. Stoffel’s operation is difficult and technical 
in comparison; If too much of the nerve supply is cut off, the damage 
cannot be repaired. 

A combination of the two methods Is often more success^ then tie 
use of either alone. 

Iri the writer's clink, the ordinary procedure is as foUcnn: Under 
Keneml anesthesia the Achilles tendons are lengthened we-toHJf 

three-quarters of an Inch by the open plastic method. The hl«P; 
sernltendinosus and semimembranosus tendons are then esposedoy 
Incisions on both sides of the popliteal space and are cut across com- 
pletely, being allowad to retract as far aTtbey may. The chM b then 
tacl£ - obturator nanw are opowd by » 

short Indsfondownward from the spine of the pubis. The 
separated, exposing the adductor brevis and the adductor 
Between these muscles the two branches of the nerve are easily fo^ 
“"rlor branch need be divided. In 
cases both branches are cut, and some operators remove a half h* 4 
or more of the nerves. 
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readily be lengthened by operations performed under local anesthesia, 
with a minimum of risk and, in many instances, with brilliant results. 

It will be noted that no mention has been made of Royie and 
Hunter’s sympathetic ramisectomy, nor of Fdrster’s division of the 
sensory nerve roots. The writer feels that the ramisectomy is still of 
somewhat doubtful value, and that Forster’s operation should defi- 
nitely be abandoned. 

To sum up the views presented in this article, the cardinal principles 
of treatment in cerebral spastic paralysis embrace: 

i. Early and long-continued training in the proper use of the affected 
extremities, thus strengthening the weaker muscles. 

a. Conservative efforts to reduce the spastidty by massage, manipu- 
lations and stret chin g. 

3. Diminution of the power of the overstimulated musdes by length- 
ening their tendons (thus shortening their range of contractility) or by 
reducing their nerve supply. 
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lie beneath the flexores carpi radialis and ulnar is, the palmaris Iocjtb 
and the pronator radii teres, all' of which can be, and In fact mostbe, 
detached at the same time. The entire arm, forearm and hand are then 
placed in a plaater-of-paris splint, with the elbow in full extension, the 
wrist hyper extended and the hand supinated, for a period of five weeks. 
The educational and physical therapeutic treatment is then resumed. 

As an alternative to the operation of lengthening the muscles and 
tendons, the selective nerve-division operations of Stoffel may be used. 
The nerves supplying the spastic muscles are exposed, and one or mete 
of the fibers running into the muscle bundles are cut across, or a sec- 
tion of them fs removed. This paralyzes a corresponding portion of the 
muscle, greater or lesser as the surgeon deems advisable. The result! 
in many of these cases are excellent The writer has not used this 
method as freely as have some of hi3 confreres, because the operatic® 
is essentially a destructive one and its effects cannot be modified la 
rase too many nerve fibers have been divided. It is also a somewhat 
inaccurate procedure, since It is impossible to determine precisely how 
much of the nerve supply to sacrifice in any individual instance. When 
a muscle or tendon has been lengthened too greatly, it is easy to shorten 
it the requisite amount, but when a small motor nerve has been sec- 
tioned it is practically Impossible to repair it. The Stoffel operation, 
nevertheless, is of great value when judiciously utilized in suitable 
cases, especially in the adductors of the thighs, the flexors of the 
lingers and the opponens pollids. 


In Adult*.— Cerebral spastic paralysis In adult*, as a remit of 
emorrhfigr, embolism or thrombosis, usually occurs suddenly, with 
d ““Ututlonal disturbance. Treatment of the peripheral ^ 
. . be deferred until the general condition is satisfactory. The 

hemiplegia tends to Improve rapidly at first, and then more slowly. In 
the nwdical attendant fails to appreciate the value of 
in treatment of individuals who have suflered a 
crtnnled th ? e “^“rtunates are allowed to drift along with a 

proper therapy^ arm udght be made comparatively useful by 

ble^J^ advt * d f0T hemiplegia in children Is applto- 

nLtari^rie ' ^ is more easily secured In U* 

years and arc nU mea3Ures > but, as many of them are advanced Jo 
advisable to oerfemn 1101 S ° < f I operatlve risks, it Is not so frequency 
adults and Is best Muscle- training Is of great value hi 

botii at out rhythmical morions of both hand* <* 

**’ symmetrical, synchros mo£ 
In the training will one^^ [ f ,if’? ,y Ule “ t r' mlt y Involved- Persists!** 
In cases ol dIsab!In B ^on t ™i!l™ tIp ^ tKn y S'** 1 ftmerion- 
or the hamstring,, It ^ ‘? ntn,aur “ of «■» ma5 ^ 

w. mtm be remembered that these tendons can 
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THE PHYSICAL THERAPY OF OBSTETRICAL 
PARALYSIS 

Jaues Warren Sever, Ml). 

Obstetrical paralysis was first described by Smellle In 1768, but 
was brought to the attention of the medical profession in 1872 by 
Duchenne, who described four cases. 

The paralysis is due to the tearing of the cords of the brachial 
plexus as a result of forcible separation of the head and shoulder 
at birth. This has been confirmed by operation, by autopsy, and by 
clinical observation. The resultant paralysis is characteristic. Tbe arm 
hangs limp at the side, with the elbow extended, the forearm pronated, 
and the whole arm inwardly rotated. The paralysis Is always flaccid. 

It has been conceded by practically all observers that a difficult 
labor Is a predisposing factor In the cause of this paralysis. The labor 
is usually long and difficult, and ether or forceps are used (Fig. i). 
All the conditions noted above imply tbe application of force, com- 
bined with great muscular relaxation of tbe child — conditions pecu- 
liarly favorable for the production of such an injury. A moderately 
large number have had tbe bead delivered naturally, but the “shoulder 
stuck,” and at that time force was applied. 

The presentations are generally vertex or of the face variety, and 
about a quarter breech, the latter classification including versions and 
footlings (Fig. 2). 

The condition of unequal pupils is probably overlooked fn some 
cases, and is a most important symptom in that it means definite injury 
to the two lower cords of the plexus and the first thoradc nerve which 
have communicating bands with the cervical sympathetic, or injury In 
the spinal cord itself. The prognosis in these cases Is usually not so 
good as in those which do not show this sign. 


Types or Paralysis 

There are generally recognited two distinct types of paralyses. The 
more common consists of a lesion which involves the fifth and sixth 
cervical roots and the suprascapular nerve, and produces a paralysis 
01 only the muscles of the upper arm, with the exception of the 
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and possibly the first thoracic as well Here the whole arm is flaccid, 
there is a wrist drop and there is paralysis of the small muscle* of the 
hand (Figs. 8, 9). There occurs also, although rarely, the pure lower 
arm type of paralysis, in which there Is no involvement of the upper 
cords of the plexus, the so-called “Klumpke’s” paralysis. In these whole 
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atm cases the paralyse Is usually the result of stretching the plexus 
(Flp. 10, it) from overextension of the arm in head presentation, and 
of Injury to the loner cords of the plexus, namely, the seventh and 
«Rbth cervical and the fint dorsal roots. The paralysis may at times be 
bilateral. It is hi this type that one often sees inequality of pupil. 
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arm otrtwanDy. to abdoct, and to wpioaia. Not* fUrton at elbow. 
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and possibly the first thoracic as well. Here the whole arm Is flaccid, 
there is a wrist drop and there is paralysis of the small muscles of the 
hand (Figs. 8, 9). There occurs also, although rarely, the pure lower 
arm type of paralysis, In which there is no involvement of the upper 
cords of the pleius, the so-called “KJurapke's' 7 paralysis. In these whole 

KEY: 

OWV *— * Normil 
: 1— Aiia t ed 


Gone 



4, j — dart *ho»lnjr typical upper inn tjpe of obtictrfcal parity 


arm cases the paralysis Is usually the result of stretching the plexus 
(Figs. 10, 11 ) from overextension of the arm In head presentation, and 
of Injury to the lower cords of the plexus, namely, the seventh and 
eighth cervical and the first dorsal roots. The paralysis may at times be 
bilateral. It Is In this type that one often sees Inequality of pupils 
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oMng to the (act that the «->IMielk< > *«£ ]* *2*kS 
ganglionic pksras cnltT the Rptnal therefore to the« 

It times throuith the eighth cervical root*. Injury, 
roots leads to an uncontrolled stimulation ol the motor 
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Pathologically, in the milder cases, the stretching or J caT ^u c r ^rt 
in a greater or leaser degree of hemorrhage or edema into r^tht 
sheatns. In others there may be a rupture of the perlneu^n 
accompanied by hemorrhage Into the subitance of the ntf^c 
associated with a tearing apart or a separation of the nerve 
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This latter condition leads, of course, to a permanent impairment 
of function, and the formation of scar tissue in the nerve tract. 
In the more severe cases of the upper arm type there is a partial or 
complete division of the fifth and sixth cervical roots which leads to a 
more permanent form of paralysis than usual, and the formation of a 
more ext ensi ve area of scar tissue. 



Fiat, ft, — Loww arm type of obstetrical parahib, ihcnrinR rfcbt arm held in extreme 
internal rotation In attempted elevation, a chara-cterirtk podtioo. 


It has been shown that traction and the forcible separation of the 
bead and shoulder put the upper cords, the fifth and sixth cervical 
roots of the brachial plexus, under dangerous tension. This tension is 
*0 great that the two upper cords stand out like violin strings Any 
widen force applied with the head bent to tbe side and the shoulder 
held would, without question, Injure these cords. It has also been 
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shown that forcible abduction and elevation of the arm and shoaWc 
put the lower cords of the plexus, the eighth cervical and first thoracic, 
on a stretch, and the application of much force may wefl lead to t 
tear, rupture, or other Injury to these segments. This condition h seen 
In breech cases, with arms extended. It may also follow sadden rtrtifl 
when the arm Is elevated, such as the so-called “hostler's paralysis* 
caused by the sudden elevation and strain of the arm width ocron 
when a hostler holds a rearing horse. 

When the shoulder is held and the head Is carried to ooc tide, 
with the clavicle Intact, considerable force Is necessary to in jure the 



Mtve w ay tot, sprawl 

mucil trwkn ti at play m the othera. A ft*' 
dlowB Ul£ **lght of the ilsouldCT to to* ® 

mmgh to cause additional damage. Mml tr^um, occur to ^ 
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clavicle, or in the humerus, at about the Junction of Its upper and 
middle thirds. 

At birth, the shaft of the humerus is nearly wholly ossified, but the 
two extremities are cartilaginous. The scapula at birth is largely 
osseous, with the exception of the glenoid fossa, the coracoid and 
acromial processes, and the posterior border and inferior angle, which 
are still cartilaginous. It is on account of these conditions that frac- 
tures in these regions, at birth, are practically nonexistent It is not 
possible to produce a paralysis of the Erb type by the fracture of any 
bone but the clavicle, and then the paralysis is due to the plexus injury 
itself, and not alone to the fracture (Fig. 12). 

Conditions Shown by X-Rays. — A study of roentgenograms taken 
in cases of obstetrical paralysis shows the following conditions; 
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Fw. ij — Dl*jcnm of a hrtthhl pirua, ihowto# Erb 1 * point (rrpmented by * 
»nd the itided inu rtpmrritlcj tojuriw wbkb occurred tn lower ntn, or 
»noJe inn, type* 


Fibst Yt.ah. — Bony deformity does not appear in the first year. 
There may be a slight posterior subluxation of the shoulder j’oint, 
bat there is never any acromial deformity evident by roentgenograms 
or clinical examination. No case has been observed where the 
epiphysis has been displaced as far as could be seen by comparison 
with the normal shoulder. The epiphysis, as well as the shaft of the 
humerus, is always smaller than the unaffected side, a condition which 
“ un doubtedly due to atrophy from disuse. The scapula Is practically 
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shown that forcible abduction and elevation of the arm and shwjldn 
put the lower cords of the plexus, the eighth cervical and first (boride, 
cm a stretch, and the application of much force may well l»d to * 
tear, rupture, or other injury to these segments. Thb coodltkra is ttet 
in breech cases, with arms extended. It may also follow sodden strata 
when the arm is elevated, such as the so-called “hostler’s paralysis," 
caused by the sudden elevation and strain of the arm which ocean 
when a hostler holds a rearing horse. 

When the shoulder is held and the head is carried to ooe aft, 
with the clavicle intact, considerable force is necessary to injure the 



plftus. The suprascapular nerve always gives way first, apP^M# 
because .1 has not so much freedom of play as the others. A iasr 
tured davtcle of course, allows the weight of the shoulder to drag ',<* 
the plesus and -o predispnaea to greater injury from traction. Ro^ 
of the head combined with forcible abduction apparently doe 
greatly increase the degree of tension on th e pfcrt^and certainly ®< 
enough to cause addu.onal damage. Most birth fractures occur In 1* 



Fm. 15— Typkil upper ana type of obrtrtifcal parafy^j. Note Inability to derate 
abduct, out*anfly rotate, and ropbute land and arm 7 
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dways elevated and outwardly rotated, due “PP*™ 11 ? >° ** ^ 
of the intact inward rotators and the levator nnguli scapulae. 

Later Years. — As time goes on and the child gets older, one be^m 
to see increasing evidence of bony deformity, 
subluxation than at first increasing outworf d^^^^ 
tfon of the scapula, and acromial deformity. Tbe de v 


J 



Fro. 13 — X-r*y lturwtnf bony deformity of tbe ibooWcr Jotat bj • Hindoo. r ** r '^ 
parmly»b of tbe upper inn type, mirted hewkin* or ek***tfoo ol U* of » 

cloncmUoo of tbe eorxcotd procpM, and posterior *nbftmtfc>n ^cer >" 

butnera*. At openttoo both these bony ooetrnrtioa* bid to bo reB3tn 
tuhlu Titian could be reduced 

acromion consists of a bending downward and forward, 01 

of it* outer end, which, apparently having no bony resistance 

as normally in the head of tbe humerus, projects downward 

of tbe posteriorly subluxated and Inwardly rotated bead ^ 

This hooking seems to vary directly with the degree of 

luxation and inward rotation of the humerus, and tends to 

as the child get* older, provided subluiatlon Is present 
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of the upper arm type: The arm lies limp at the side, is extended, 
and is Inwardly rotated with complete inability to abduct, elevate, 
outwardly rotate, or supinate (Fig. 15). The muscles paralyzed in the 
typical upper arm type are as follows: deltoid, sup rasp inatus, infra- 
spinatus, teres min or, biceps and supinator longus, and occasionally 
the serratus magnus, cora cobra chialis and supinator longus. The arm 
cannot actually be flexed at the elbow, but as a rule tbe lower arm 
is not affected so far as flexion and extension of tbe fingers go. 

Sbouujejl — The Inability to raise or abduct the arm at tbe shoulder 
is due to the paralysis of the deltoid and supraspinatus. Outward rota- 
tion cannot be accomplished because of the paralysis of the infra- 
spinatus and teres minor, and tbe arm cannot be Internally rotated 
because tbe internal rotators — namely, the teres major, the subscapu- 
laris, and the latissimus dorsi — are already fully contracted due to 
lack, of opposition- (Figs. 16, 17). 

Elbow. — The arm cannot be flexed at the elbow owing to the 
paralysis or weakness of the biceps; bra chialis anticus, ^racobra- 
chialis and supinator longus, and supination cannot be carried out 
because of the inward rotation in which the arm is held, and the 
weakness or paralysis of the biceps and supinator longus or brevis. 

Sensation. — In regard to sensation, it may be stated that it has 
been impossible in early cases to determine any changes from the 
normal on account of the age of the patient. During the first week in 
early cases, the child may cry if tbe arm is handled or moved, espe- 
cially in abduction, but this soon disappears. In one or two cases 
some swelling and tenderness have been noted by palpation over tbe 
plexus above the clavicle. This condition, however, apparently has 
no connection with the degree of paralysis present. The hand grip is 
usually good, and the child flexes and extends the wrist and fin- 
gers well. 

Later Developments. — The later developments in the upper arm 
cases, as the child grows older and develops, with or without exercises 
and massage, are as follows: The persistence of the Inward rotation 
and adduction deformity; the so-called “policemen’s tip” position; tbe 
inability in most cases to supinate fully or freely; the Inability to get 
the band to the mouth, without raising the elbow, due to Inability to 
rotate outwardly; and the inability to put the land to tbe head or 
behind the hack. 

Typical Lower Arm Conditions. — In the lower arm type, all these 
conditions hold besides the additional ones due to the paralytic condi- 
tions of the lower arm and hand, resulting generally in a useless 
dangling arm (Fig, 18). 
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Deformity at Elbeno. — Contraction of the biceps and bmhblts 
antlcus always leads to some degree of permanent flexion deformity 
at the elbow, and not rarely to a subluxatlon or even a complete dislo- 
cation of the head of the radius (Fig. 14). Persistence of marked toa 
of power in the triceps is not uncommon and may be a factor in 
causing this condition. 

Roentgenograms of the elbow practically never show any bccy 
change of Importance. 

It bos been suggested that the flexion deformity is due to the conse- 
quent change in shape or depth oi the olecranon fossa, which ccr»£' 



Fra. 16, 1 y Picture jbowing dcnjrUoc of the acromion oo the 


quentJy art! as a bony block to full and free extension. This Is "°f 
the limitation is wholly due to contraction of the antenw ribo* 
musdes and on be corrected only by a subperiosteal length®!"* 
their structures, as well as by a le^thentog of the biceps teuton 

a^llTt^^^ 1 ° r turabD ^ *>“■» »*“ 

U ? pcr ^ Conditions.— When the child is first 
within a few days or weeks after birth, the following picture is 
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or adduction of the hand. These cases, almost without exception, 
represent severe tearing injuries to the roots of the plexus, and 
although some of the muscles may recover in part, particularly the 
upper arm and shoulder groups, the lower arm cases practically never 
recover, even after attempted operative repair of the plexus. It is In 
these cases that sensation is more apt to be impaired tha n in the 
usual upper arm type. 
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Atrophy. Atrophy of the muscles In these cases of obstetdal 
paralysis is never very marked except In some cases of the loro inn 
type. One never sees the extreme atrophy so noticeable In cares d 
infantile paralysis. This lack of marked atrophy is undoubtedly due to 
tne fact that the nerve Impulses are rarely fully blocked; thus the 
muscles practically never, except In rare cases, wholly lose tbdr entire 
mnervatlons. Some normal nerve Impulses pass through the scar tame 
at the site of the lesion, owing to Incomplete destruction or Injury of 
, nerve, and so keep the muscle tone up to a certain point. There fa 
always a definite shortening of the arm in all cases, however, doe 
probably as much to nerve injury as to lack of use. 

Nerve Involvement. — In the classification of the .whole arm or 
lower arm type are placed those cases which show any nerve lavolve- 


Fkj. iS— Typfcai 



cervi sllaWn by an Injury of the fifth and sixth 
fissure am nnt nr^^f ^ ^ ne< I u nlity and narrowing of the palpeb^ 
nudiM with t^fL w j t ? 1 type. Wrist drop is the usual condi[h» 
bility to extend th£ ™ bl H ty to stipulate, and the addldanxl ta>- 
the Of the flexor, and extensor, d 

of the intrinsic mtadei^Mh!. 0 k’ “?°S a,ed with P 21 ^)™ 5 aDd atro P^ 
hyperextended, end the haod - Often the proximal phaleng® J* 
interossei or lutnbrta]e.7r^i° I1 ^ fl ® I ' d ' to paxely^ of fj* 
and the Angers cannot h. ,^^2' U"' of course, no power “Pj 
mov «d. Them la usually ulnar displaces* 1 ^ 


Massage and Exercises 
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The treatment at once resolves Itself Into two divisions: Le^ these 
to be treated with massage and exercises, principally those of the opper 
arm type; and those to be treated by operation cm the plexus, osnaDy 
those of the lower arm type. Unless the early treatment has been 
adequate, the upper arm type will also come to operation, not to repair 
the plexus, but to correct contraction deformities. This operation, 
which has been devised by the author, will be discussed later. 

At first, in order to prevent contraction of unparaiyied musdes, 
It Is best to put the arm at rest in n position where such erodes 
c a n n ot become contracted. This may be done by holding the arm ini i 
plaster cast (Fig. 19), or by using a light wire splint, in ao abducted, 
elevated and outwardly rotated position, with the hand supinxVeA 
This position should be maintained between massage and gymnastic 
treatment, because It insures a better subsequent position of the lim- 
it also takes the drag off the paralyzed muscles, allowing them to 
regain their strength more quickly, and prevents subsequent shoulder 
joint deformity, such as subluxation and acromial hooking. 


Massage and Exercises. — Massage and exercises are of the 
greatest importance and should be carried out dally if possible. It 
most unwise to allow a child to become obsessed with the idea t™ 
it has an arm which cannot be used. The mother is Instructed to dress 
the paralyzed arm first but to undress it last. She is told that each time 
she takes up the baby, for nursing or other reasons, she should 
straighten out the fingers and wrist and supinate the forearm, ** 
shown. Later she is shown how to abduct, outwardly rotate, o 
elevate the arm. One has to be guided by the inTdhgehce and adapt*' 
bflity of the mother as to when It Is wise to tillow her to peri**® 
these motions. A very good rule to give her is that she is not to do 
anything with the affected arm that she does not see the well arm do. 


Passive and Active Exehcises.— The rhythm of exercise Is of 
raos ! Importance. One win find the singing of nursery rhymes wane 
conducting the exercises advantageous In developing rhythm and & 
preventing the child from tiring of the exercise. Any suitable rhyme 
may be used, but must be sung with life and enthusiasm so as to i^ 
press u I»n the baby the association of the song or rhyme and the 
movement. It is surprising bow early the child learns the association 

r Af,“ i? 81 ?? 1 * ot 1 T hb method, take the flexion and extension eJW- 
(F1 «- JO >- It Is natural for a baby to play ’’I th 10 
fingers, so imprea. upon the child from the beginning that it has two 

oadded^tabl^arwi^H, ' Erfr< ™* 3 '— The chfld is laid on its back °» * 
fingers end workii^ U p a ™/^ r 5 ™, undresMd ' Beginning with 
6 up me arm and over the scapula, massage n 
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given to increase the circulation and nutrition. Then each finger *nd 
thumb, first separately and then collectively, is extended and floed, 
at the same time some kindergarten or nursery song is sung, mch U‘. 

This Is little Tommy Thumb, 

Round and fat as any plum. 

This Is little Tctcr Pointer (index), 

Surely he’s a double jointer. 

This is little Toby Tall (middle finger), 

He’s the biggest one of all. 

This Is little Ruby Ring (fourth finger), 

She’s too fine for anything. 

And the little wee one, Maybe (fifth finger), 

Is the little finger baby. 



Fdj. j j For »Mucti©o *t ibonlder (with palms turned up, r demW 

Then collectively: 

The little birdies in their nest 
Go hop, hop, hop, hop, hop. 

They try to do their very best 
And bop, bop, hop, hop, bop. 

This fa jmt an example of flexion and exfensfon exercise (« tbe 
angers. To train the extensors of the wrist we sing: 

This wny, that way, blows the weather vana, 
inis wny, that way, blows and blows again, 
turning, pointing, ever showing, 

«ow the merry wind is blowing. 

The emphasis Is, of course, always put on the motion ne«^ 
to train the weaker muscle. 



F*j. 14 — EUratloc of «rra; »l*rtIof po 
ritkin for “Yard* of ribbon" aod "Ready, 
rockrU." 

Fk. 15— Elevation of arm: "Ready, 
Shoot fart.” 

Fbj. 16 — For deration and abduetkra of 
all iboolder ptrap muck*. Thlt f» the 
«mc as arm* upward Wretch: "Shoot." 


„ . Obstetrical Parsl?* 

IQ CtnyUr 10 ^ 

10 Lv*uw n 

For the supinators (Figs. 21 , 22 ), sing. 

Roll over, roll over, so merry ond 
My playfellows dear, come join In my pee. 

Try to have the child meanwhile actively septate, asds.ed, ot ct®*, 
If necessary. 



Fw. 17 — For (MticUae it iboclder: "Pump U* w * ttr ’ 


For flexion and extension at the elbow to exercise 
triceps, sing: 

Up, down, up, down, 

This Is the way we go to town, 

What to buy? To buy a fat pig, 

Home again, home again, rig-a-gig-jpgs 


the bicep 
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Of course, at first, and for a long time, one must not only actively 
assis t tie child with these exercises but must also perform them while 
the child is passive. 

For abduction at shoulder, the position shown by Figure 23 fa used, 
except tha t the 'forearm is supinated. With the exercises, sing: 

One yard of ribbon, 

Two yards of ribbon, 

Three yards, four yards, 

And tie a big bow on your hair. 

eJevation of arm (Figs. 34, 35, 26), sing: 

Ready, rockets 1 Shoot 1 

Repeat six or eight times. This is the same as arms upward stretch. 
Starting with the arms bent or flexed at elbow, stretch straight above 
head with palms facing each other. This fa for exercise of all shoulder 
group muscles concerned in elevation and abduction. 

For abduction at shoulder, hold the arm externally rotated, semi- 
flexed at the elbow, with forearm supinated. Bringing it to full abduc- 
tion and then to body, somewhat after the manner in which the old- 
fashioned pump worked (Fig. 37), sing: 

Pump the water, pump the water, 

Pump, pump, pump. 

The exercises for the upper arm and shoulder may be carried out 
with the child lying on its back; or if an older child, it may sit up 
with its back against a straight chair or wall. The scapula should 
always be controlled by direct hand fixation. 

For external rotation hold the forearm flexed at right angle*, with 
forearm supinated and upper arm dose to the body of the child (Fig. 
38). Then carry it back till the thumb touches the table (Fig. 39), 
and returning to starting position, describing a semicircle downward 
(Fig. 30), sing: 

Grind the coffee, grind the coffee, 

Grind, grind, grind. 

While drcumducting the arm, sing: 

Crank the auto (up), 

Crank, crank, crank. 

This exercise stretches the adductors and internal rotators at the 
shoulder. 

pjs covers all the motions of the upper extremity. Each case re- 
quires special emphasis cm different motions. This rests with the 
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For the supinators (Figs, at, 2 a), sing: 

Roll over, roll over, so merry and Iree, 

My playfellows dear, come Join In my glee. 

Try to have the child meanwhile actively supinate, assisted, of cause, 
if necessary. 



Fta. 17 — For tbdodloc *t thooldcr “Pump the wrier,’ etc. 


For Htrion and extenalon at the elbow to arrow the bl«5» * nJ 
triceps, *mg: 


Up, down, up, down, 

Thll I, the way we go to town, 

0 b , uy? To bu y “ f "t Pl«. 

Home again, home again, rig-n-gig-gig. 
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condition of the arm, and must be left to the operator’s judgment, 
or the doctor’s prescription for treatment 

WTien one finds a contracted pectoral, subscapularis, or teres major, 
one must be sure to fix the scapula while elevating and externally 
rotating the humerus. A contracted pectoral in a baby may be over- 
come by faithful treatment. The older babies and children seen (one 
to twelve years) usually have contractures of the pectoral, subsea pu- 
laris, and teres major, and occasionally of the pronator radii teres. 
These cases, in addition to the treatment described, are put up in a 
wire splint, which fits over the pelvis and holds the arm in position of 
external rotation, semlfl exion and supination. These children should 
be given the exercise of hanging on stall bars, or a trapeze. 

Whole or Lower Arm . — In the whole or lower arm type, it is advis- 
able to give three months’ treatment, and if the fingers do not then 
show a tendency to recover, it may be well to explore the brachial 
plexus and repair the nerves if possible. These cases are most dis- 
couraging. No improvement Is hoped for before a year. I have seen 
a few of these babies begin to have the slightest amount of flexion of 
the fingers in from six to twelve months, and very slowly improve. 
By the end of the third year, they are beginning to build blocks. It is 
the feeling of nearly all the medical profession that it is useless to do 
any nerve surgery in these cases. When these children begin to get 
motion In their fingers, they are taught to build with blocks (using col- 
ored blocks two inches square), put large colored pegs In a pegboard, 
and string beads (the large colored kindergarten beads). A child suf- 
fering from upper arm obstetrical paralysis can be taught to build 
blocks as early as five or six months, provided Its training has been 
started early. After the exercises, the child is again given the arm 
massage to rest the muscles. 

Children naturally are Imitators and live in the land of make-believe. 
If the operator, when treating a child between two and six years, has 
sufficient sympathy with him, she will find him of the greatest help 
in Improvising games. All she will have to do Is to direct the execution 
of the movements so as to bring into play the musdes which she 
wishes to develop. When treatment has not been started until after 
the child is a year and a half old, the first thing the operator must 
do is to gain its confidence. Once this is accomplished, there Is pretty 
dear sailing. She should never deceive a child. With tact, suffident 
patience, and sympathy, she can get it to try everything, and to allow 
her to exert considerable strength In stretching contractures. 

The treatment should be continued for several years at least, and 
If contractures develop In the subscapularis and pectoraiis major 
they must be divfded before nny further range of action in the arm fa 
to be hoped for. 


Author'. Operation.— Technic.— An fndsion Is trade on the an- 
terior aspect of the arm, beginning at the Up of the acromioT Md 
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condition of tie arm, and must be left to the operator’s judgment, 
or the doctor’s prescription for treatment. 

When one finds a contracted pectoral, subscapularis, or teres major, 
one must be sure to fix the scapula while elevating and externally 
rotating the humerus. A contracted pectoral in a baby may be over- 
come by faithful treatment. The older babies and children seen (one 
to twelve years) usually have contractures of the pectoral, subscapu- 
laris, and teres major, and occasionally of the pronator radii teres. 
These cases, in addition to the treatment described, are put up in a 
wire splint, which fits over the pelvis and holds the arm In position of 
external rotation, semiflexion and supination. These children should 
be given the exerdse of hanging on stall bars, or a trapeze. 

Whole or Lower Arm . — In the whole or lower arm type, it Is advis- 
able to give three months’ treatment, and if the fingers do not then 
show a tendency to recover, it may be well to explore the brachial 
plexus and repair the nerves if possible. These cases are most dis- 
couraging. No improvement is hoped for before a year. I have seen 
a few of these babies begin to have the slightest amount of flexion of 
the fingers in from six to twelve months, and very slowly Improve. 
By the end of the third year, they are beginning to build blocks. It is 
tbe feeling of nearly all the medical profession that It Is useless to do 
any nerve surgery In these cases. When these children begin to get 
motion in tbelr fingers, they are taught to build with blocks (using col- 
ored blocks two inches square), put large colored pegs In a pegboard, 
and string beads (the large colored kindergarten beads). A child suf- 
fering from upper arm obstetrical paralysis can be taught to build 
blocks as early as five or six months, provided Its training has been 
started early. After the exercises, the child is again given the arm 
massage to rest the muscles. 


Children naturally are Imitators and live In the land of make-believe. 
If the operator, when treating a child between two and six years, has 
sufficient sympathy with him, sbe will find him of the greatest help 
in improvising games. All she will have to do Is to direct the execution 
of the movements so as to bring into play the muscles which she 
irishra to develop. When treatment has not been started until after 
the child Is a year and a half old, the first thing the operator must 
do Is to gain its confidence. Once this is accomplished, there is pretty 
clear sailing. She should never deceive a child. With tact, sufficient 
patience, and sympathy, she can get it to try everything, and to allow 
CIf *rt considerable strength in stretching contractures. 

The treatment should be continued for several years at ieast. and 
L”“E, develop In 0,e pectoral], major, 

toLTlSpid 1 V ' dtd b ' (0r ' °” y f “ rU ' Cr rBnge ° f 8CU ° n lD U* arm fa 


Anthor’i Operation.— Technic.— An Incision U made on ie. „ 
lerior aspect ot the ana, beginning at the Up of the acromlw “d 
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carried down to below the Insertion of the pect oralis major 3*); 
The cephalic vein is found generally In the outer edge of the wxmd 
and tied or drawn aside. The tendinous Insertion of the pectoofo 
major Is defined, raised on on Instrument, and divided all tbe way 
across. The pcctornlis major muscle is then retracted inward ootof 
the way, giving one a dear view of the axilla and shoulder joint. Tbe 
arm should now be abducted fully and rotated outward as far ss 
possible. , 

Following the division of tbe pectoralls major, the range of rootle® » 
abduction will be greatly Increased. Outward rotation will, however, 



Um, !" L Wth «» fully abdurttd «nd 
3X2’ °, f °* "udon of tie coracobrachWfa U “ “ 
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a much dearer field to see the Insertion of the subscapularls, which 
then comes Into view. Just below this latter tendon are always found 
two or three small veins running parallel to the lower edge. 

The best way to divide the tendon is to pass under It some blunt 
Instrument and so define it. It is of the utmost importance that the 
shoulder joint should not be opened (Fig. 32). The tendon of the 
suhscapularis should always be Identified and lifted up before it Is 
divided. Blind cuts along the capsule do more harm than good and 
should never be made. Following the division of the suhscapularis the 



jj — Sound uudor *ub*cmpul*r tendon. The pectoral major has been divided. The 
Jotnt cipsule shoun at bottom of cavity. 


outward rotation and the abduction are entirely free. If at this stage 
there Is still some sublusation of the head of the humerus which 
cannot be fully reduced, an osteotomy of the acromion should be 
performed and the loose distal piece either removed or tilted up to 
allow the head of the humerus to slip back Into the glenoid. The 
wound U then dosed with a few stitches uniting the fasda, and a silk 
sdteh through the skin. No drainage Is required. Usually very little 
bleeding takes place. The arm is then placed on a wire splint, which 
boldi it elevated to or above the shoulder level, abducted and fully 
rotated outwardly with the hand In full supination (Figs 33 34) 
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carried dot™ to below the Insertion ofthcpcctorallsrna^ 

The cephalic vein Is found generally In J ^‘^ctonBs 

and tied or drawn aside. The tendinous ln^ro ol to 

major Is defined, raised on an Instrument, wdivlded^ JV 
across. The pcctoralls major muscle Is then shoulder IcroLTbr 
the vmy giving one a clear view of the aitlla and sbeunurt 
^ThotSd nSw be abducted fully and rotated outward «!«» 

P °Follotring the division of the pcctoralls major, tberangeof 
abduction will be greatly Increased. Outward rotation , 



be somewhat limited. With the arm fully abducted and "d (0 
rotated, tbe Insertion of the tendon of the coracobracMsns 
defined. This tendon U inserted on tbe coracoid process of tw 
Tbe tendon of tbe coracobrachialis obscures the insertion V*. ^ 
scapula ris. It Is, therefore, necessary to separate tbe 
coracobrachialis from the coracoid process, which in °Wer 
b generally much elongated, by means of an osteotomy. 
the coracobrachialis to slide downward out of the way and give 3 



^ t - ,bahy to P^ fc*ad touif'lSd opmtion ; fra. M 

,rt * ■ b *Ktloe l <xrt«-»n3 reutloo md njpfautt^' F 37 ’ W > w ■«* 
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At the end of ten days' maw.baklngand 
are conUnued dally, or at least four times a week. The spt» 
be worn night and day for at least three months. ^ 

The operation merely releases contractions, sj™8 * 
partly paralysed muscles a chance to rc«w« utnyBt [mpctMct 
and consequently the after-treatment 1 l5 .°, , TOaU _ 0UJ to divHe 
In a certain number of cases It has been fou ^trsdtd sad 

the pronator radii teres. This muscle Is “fW" d tm d 5 tocs«e 

unless released, It helm to prevent free sup ^ ud 

the recurrence of Its limitation. TOs ^ Kibsequenl to tie 

divided by another Incision on the upper forearm, sunsequco 

shoulder operation. 



Fa. ij. 14— SpBnt toed after opetsdon. Fnj. IS. 

Experience has shown that the operation on tyl* 

usual upper arm type of case is unnecessary. In the jtroefty 

of case, the situation Is quite different. Also, It cannot tt se 

emphasised that no operation on the plexus wffl m 01 slatted 
In restoring functional activity to the arm, unless co persh {(d 
restricting muscles are divided, and careful after-treatmen 
In for a long period ^ pie® 15 

In the lower arm type of case, operative treatment on . ^ {n 
has been done a number of times without any benem- <oo 

ail cases was found to be so badly torn, and to bouno __ ^ay 
invaded by scar tissue, that no kind of repair was possim®' 


Fw 35 , 36. 37 — Otmrtrkal jaralj-ti* of rijtht inn, upper irm type, ihowbn fa. 
*MHty to abduct, outerirtDy rotate, md wpfautt Fm. 35. before operation; Fjg, 36, 
■ftfT opr ration Note abfflty to put hand to tbe head raaflr. Fkj. 37, or* jear after 
operation: free abduction, ©trtmard nXitioo mod mptrutlon. 
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are continual dSlyf^r nmJ a ' Tcha flrc bepm, jaj 

»*"■"> night nndday for mT‘ vli' mw « «*■ 1* spKoaH 

WrtlySytd g v } B * “* •»"*« ■* 

“ d a sas 

the pronator radii terJ^TM? ^ *?*? found advanf agwas to divide 
unless released It heir* tr> mt “^ c ^ °ften much contracted ind, 
the recurrence of its SU ? lmitJon 011(3 teod5 to aw 

divided by another IncWrm ^ n ‘ ,T^ 8 muscIe ^Y easfly be found and 
shoulder operation. 00 u W >cr forearm, subsequent to the 



***** °P CT «l W Fjo. JJ, fract Fjo. J 4 , t*a. 

^^Pcrimce u. _v 

“PP” arm type „f ^ operation on the plow la the 
( .fs 5 '’. th ' rituatioi J ^ le ““necessary. In tie lower atm W* 
empbuued that „ 0 I *™*' Parent Also, It cannot be too atrwsV 
r “'!^n8 'unction ^.° n . th ' 1 ? 1 “ u > "111 he of any gn*< “ 
In c ? rauadea are dfvfded^V,^ tie un,aj eontracledarij 

T o ,t° ,8 Period nnd carefnl after-trentment pent*"! 

in ine Icnrer arm tvr^ 

Jn*,£~" <1 ° n % a nunSS'JJ n.PWtUve treatment on tbe ptof 
toi'adSrfV™ 1 fonnd to be' J*"*’ "Moiit any benefit. Tbe plena to 
tot-aded by tear ^ Jo batiy toni ud M tod 

no kind Of repafr ™ poasfble. This OUT 



CHAPTER ELEVEN 


PHYSICAL THERAPY IN THE PREVENTION AND 
CORRECTION OF CERTAIN DEFORMITIES AND 
DISABILITIES OF THE EXTREMITIES 

Philip Lewth, M.D., I'.A.C.S. 


I NTSODO CTION 


This chapter was written from the viewpoint of an orthopedic sur- 
geon. The specialty of orthopedic surgery cannot be easily defined. 
I have diagrammatized the definition as follows: 


Orthopedic Surgery Is the 
Sdence of the 


Prevention "J 

and [of Deformity 
Correction J 

and the 


Preservation 

and 

Restoration 


•of Motor Function 


As an example of a disease which involves every factor in this 
definition, I would dte infantile paralysis. If deformity Is not pre- 
vented it must be corrected; if motor function is not preserved It wiD 
have to be restored. Fhysical therapy is one of the most valuable 
agents in the preservation and restoration of motor and locomotor 
functions. 

The scope of this chapter includes conditions caused by congenital, 
traumatic, infectious, neurologic, circulatory, metabolic, endocrine, 
neoplastic and miscellaneous factors. In so far as they have not been 
discussed in other chapters. 

Speaking in general terms, the orthopedic surgeon Is partial to the 
following physical therapy measures: rest, traction, temporary immo- 
bilization, support, radiant heat, gentle massage, active motion, under- 
water gymnastics, sinusoidal current and diathermy. 

The reader Is concerned with knowing and understanding, and the 
orthopedic surgeon with discussing, the indications for the use of 
physical therapy agents, In what conditions physical therapy is indi- 
cated, when to start, when to stop, what to prescribe and when not to 
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have been due to two things: first, to the fact that It was fanpossibfc 
to repair the plexus; and second, to the fact that, granted that the 
plexus repair was in part possible, the muscular contractures and Joint 
deformities were not recognized and properly treated, without which 
the plexus repair would be a waste of time and effort 

Value of Operation. — The prognosis In all upper arm type* of 
cases Is good, provided the case Is watched from the start and the 
treatment Is properly carried out. Practically all patients with upper 
arm paralysis are able to raise the arm to the shoulder level and cm 
use the hand and lower arm well, except for varying degrees of supina- 
tion (Figs. 35, 36, 37). Abduction and outward rotation are rarely 
regained without division of the contracted muscles, provided they 
have been allowed to contract. 

In the lower arm type, the outlook Is not so good, although mauy 
of the cases regain use of the upper arm In spite of the persistent 
paralysis of the lower arm and hand. These cases should all be ex- 
Ptorad for repair of the plexus as far as possible, but even then very 
little hope can or should be held out to the parents. The general pda- 
dples of treatment should, however, be carried out over a long penod 
o time. Much can be done along orthopedic lines for these cases. 
Iney should not be generally neglected as they have been In the ; past, 
j® statement that nothing can be done, or that they will gd 
well without treatment. 
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A technician may be compared to an efficient midwife; she may be 
very clever and capable but does not kncrw the why or wherefore. She 
must understand the underlying pathology of the conditions she treats. 

It is difficult to prove the value of physical therapy. The explana- 
tion of the production of results is bound up in several factors, some 
of which are as follows: 

1. The effect upon the circulation, locally and generally. 

2. The local absorption of tissue products. 

3. Relief from pain. 

4. Relaxation of muscle spasm. 

5. Release of adhesions. 

6. Increase in movements. 

7. Raising the threshold of the patient’s resistance. 

8. The psychologic effect during the various stages of disease, injury 
or disability. 

It is within the limits of definition that the agents or agencies dis- 
cussed in this chapter are physical therapeutic in nature, or accom- 
plish their effects by physical therapeutic phenomena. 

Trauma 

Trauma may be acute or continued. Acute trauma may be mild or 
severe. Continued trauma may be mild or severe. As an example of 
mild continued trauma, one should consider the pianist and the ballet 
dancer. Under severe continued trauma, one may consider the iceman, 
the plumber, the piano-mover and other individuals who carry or lift 
heavy objects. 

Every movement of a joint causes trauma. If the circulation is good, 
the effects of the trauma are repaired immediately. If repair doe* not 
progress as rapidly as destruction, a pathologic condition results. If 
circulation Is impaired, the defect is not repaired, and an area of 
pathologic change Is formed. 

The joints most liable to trauma are those of the feet, the finger*, 
wrist, knee, shoulder, elbow and the hip. 

In a discussion of trauma, one may consider trauma as the only 
factor, trauma as the precipitating factor and trauma which exagger- 
ates a preexisting condition. As an example of trauma as the only 
factor, one may consider fracture of the os cnlds in a normal indi- 
vidual. As an example of trauma as a predpltating factor, consider the 
case of an overweight woman of 50 years, who has asymptomatic 
arthritis in both knees; she falls and injures one knee, lighting up an 
arthritis. As an example of trauma exaggerating a preexisting con- 
dition, one may consider a knee joint that has a low-grade arthritic 
condition which is affected by changes of weatheT but is perfectly 
serviceable until the woman falls on the sidewalk, bumping her knee 
which results in pain, swelling and disability. ’ 



Deformities and Disabilities of Ex trend tin 


employ physical therapy. It is very important to know what proceAnt 
to follow m the case of partially or completely stiff Joints. Ow mat 
determine whether rest or movement Is indicated. He most detmrfme 
what type of rest, how long it Ls to be continued, whether it b to be 
Intermittent or continuous, or whether it should be accomplished by 
posture in bed, sandbags, slings, traction, splints, braces or 
paris casts. If movement Is Indicated, what type of movement, at what 
intervals It is to be carried out, when it is to be started, and what art 
the danger signals. When in doubt, one may try movements -very 
tiously and at Infrequent Intervals. The reader Is referred to com 
chapters on this subject and to the writings of Sir Robert Jcn°- 
Physical therapy is more closely associated with orthopem^rgffy 
than with any other branch of medicine because the 01 “**?**, 
geon employs physical therapy in almost all his work. Hejs, ttero . , 
keenly interested In the progress and development of physiol 
No orthopedic surgeon today can secure perfect results wjjhj™ 
use of physical therapeutic agents. If this statement is true coaerrm^ 
the orthopedic specialist, one can readily understand bow woo ' 
Important ft fs to the general practitioner who Is so often etc 
with these same conditions. , t t_. 

Physical therapy aims primarily at treating the pathology, 
etiology, of diseases, deformities and disabilities. 

Various orthopedic conditions In which the treatment ol P^rr 
therapy may be of benefit are lumbago, sdatica, brachial n 
bursitis, scoliosis, poliomyelitis, spastic paralysis, brachi ial pa 7, 
diutrial conditions of the bones, joints and nerves, and 
of the back, knee, shoulder and other regions. 

The treatment should be under the supervision of the 
surgeon. The cooperation of the patient is of paramount unpon*^* 
because so often the treatment fs long and tedious. . ^ 

The administration of physical therapy should be In the . 
a trained individual By that is meant one who not only 
understands the technic of all branches but has had in add \7°.^t- 
cal training, in order to direct the treatment intelligently «o d 
^te the dangers that may result from ignorance or from erron 
omission and commission. . 

Physical therapy [, M Important therapeutic agent but 11 
Umltations, and unless it ls used with discretion much barm mtf. 
done, and a valuable adjunct in the tr eatm ent of many 
medM comDtlons, especially orthopedic, may be lost to use, 

1U tailing Into bui repute either aaTremlt of exaggeration oi «*■ 
warranted datas or of Dl-advfsed or improper admlmstration. 

P a’ y v C ^ 11 ,lxraW underatand the principles of Pjb ^ 
*>“tld underatand the technic suffidently well tohe»^ 

^t^s physical therapy b used as * “•* 

agent as wen as to restore or improve function 
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A technician may be compared to an efficient midwife; she may be 
very clever and capable but does not know the why or wherefore. She 
must understand the underlying pathology of the conditions she treats. 

It is difficult to prove the value of physical therapy. The explana- 
tion of the production of results fs bound up in several factors, some 
of which are as follows: 

1. The effect upon the circulation, locally and generally. 

2 . The local absorption of tissue products. 

3. Relief from pain. 

4. Relaxation of muscle spasm. 

5. Release of adhesions. 

6. Increase in movements. 

7. Raising the threshold of the patient’s resistance. 

8. The psychologic effect during the various stages of disease, injury 
or disability. 

It is within the limits of definition that the agents or agencies dis- 
cussed in this chapter are physical therapeutic in nature, or accom- 
plish their effects by physical therapeutic phenomena. 


Trauma 


Trauma may be acute or continued. Acute trauma may be mild or 
severe. Continued trauma may be mild or severe. As an example of 
mild continued trauma, one should consider the pianist and the ballet 
dancer. Under severe continued trauma, one may consider the iceman, 
the plumber, the piano-mover and other individuals who carry or lift 
heavy objects. 

Every movement of a joint causes trauma. If the circulation is good, 
the effects of the trauma are repaired Immediately. If repair does not 
progress as rapidly as destruction, a pathologic condition results. If 
circulation is impaired, the defect is not repaired, and an area of 
pathologic change U formed. 

The joints most liable to trauma are those of the feet, the fingers, 
wrist, knee, lhoulder, elbow and the hip. 


In a discussion of trauma, one may consider trauma as the only 
factor, trauma as the precipitating factor and trauma which exagger- 
ates a preexisting condition. As an example of trauma as the only 
factor, one may consider fracture of the os calds In n normal indi- 
vidual. As an example of trauma as a precipitating factor, consider the 
case of an overweight woman of 50 yean, who has asymptomatic 
arthritis in both knees; she falls and injure* one knee, lighting up an 
arthritis. As an example of trauma exaggerating a preexisting con- 
dition, one may consider a knee joint that has a low-grade arthritic 
condition which is affected by changes of weather but is perfectly 
serviceable until the woman falls on the sidewalk, bumnlne her knee 
which results in pain, swelling and disability. K ' 
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employ physical therapy. It Is very important to know what procedure 
to follow In the case of partially or completely stiff joints. One nest 
determine whether rest or movement is indicated He most detennhe 
what type of rest, how long it Is to be continued, whether it fa to be 
intermittent or continuous, or whether it should be accomplished 
posture in bed, sandbags, slings, traction, splints, braces or pUster-of- 
paris casts. If movement is indicated, what type of movement, at vial 
intervals it is to be carried out, when it U to be started, and what ce 
the danger signals. When in doubt, one may try movements very cau- 
tiously and at infrequent intervals. The reader is referred to other 
chapters on this subject and to the writings of Sir Robert Jones. 

Physical therapy is more closely associated with orthopedic sarfpy 
than with any other branch of medicine because the orthopedic sa- 
geon employs physical therapy in almost all his work. He is, therefore, 
keenly interested in the progress and development of physical therapy. 

No orthopedic surgeon today can secure perfect results witho ct the 
use of physical therapeutic agents. If this statement Is true coocerrinff 
the orthopedic specialist, one can readily understand how much twee 
important it Is to the general practitioner who Is so often confronted 
with these same conditions. 

Physical therapy aims primarily at treating the pathology, not the 
etiology, of diseases, deformities and disabilities. . . 

Various orthopedic conditions in which the treatment of poy^^ 
therapy may be of benefit are lumbago, sciatica, brachial dctioUs, 
bursitis, scoliosis, poliomyelitis, spastic paralysis, brachial palsy, 

000(11110115 of the bones, joints and nerves, and disturbances 
° . ck ’ shoulder and other regions. . . 

ne tr eat ment should be under the supervision of the orthopedic 
surgeon. The cooperation of the patient is of paramount importance 
because so often the treatment is long and tedious. , . . 

- of Pby *ical therapy should be in the ban*?! 

vfo.it ^dividual. By that Is meant one who not only 
understands the technic of all branches but has bad in addition n*<E' 
m orde ? 10 dlrect ^ treatment intelligently and to 
^ Sera t ^ t r«ult from ignorance or from error* of 
omission and commission. 

UtSS th '? apy , “ m Important therapeutic agent tot it t* 

it fa 0«d wtthdlSreUon mad. term mV j* 
ST™ r1 i? UabI<: i“ the treatoeut of m«y 

“ wSil^SS SSf r th ortiopedic ’ , be IS 

wnrmnt^ Qtlier as a result of exaggeration ano 

p ^ ^ OT fh -advised or improper administration . 

**** ^darstand tte principles of 

-2E& 
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A technician may be compared to an efficient midwife; she may be 
very clever and capable but does not know the why or wherefore. She 
must understand the underlying pathology of the conditions she treats. 

It is difficult to prove the value of physical therapy. The explana- 
tion of the production of results is bound up in several factors, some 
of which are as follows: 

1. The effect upon the circulation, locally and generally. 

2. The local absorption of tissue products. 

3. Relief from palm 

4. Relaxation of muscle spasm. 

5. Release of adhesions. 

6. Increase In movements. 

7. Raising the threshold of the patient’s resistance. 

8. The psychologic effect during the various stages of disease, injury 
or disability. 

It Is within the limits of definition that the agents or agencies dis- 
cussed in this chapter are physical therapeutic in nature, or accom- 
plish their effects by physical therapeutic phenomena. 


Trauma 


Trauma may be acute or continued. Acute trauma may be mild or 
severe. Continued trauma may be mild or severe. As an example of 
mild continued trauma, one should consider the pianist and the ballet 
dancer. Under severe continued trauma, one may consider the iceman, 
the plumber, the piano-mover and other individuals who carry or lift 
heavy objects. 

Every movement of a joint causes trauma. If the circulation is good, 
the effects of the trauma are repaired Immediately. If repair does not 
progress as rapidly as destruction, a pathologic condition results. If 
circulation is Impaired, the defect is not repaired, and an area of 
pathologic change Is formed. 

The joints most liable to trauma are those of the feet, the fingers, 
wrist, knee, shoulder, elbow and the hip. 


In a discussion of trauma, one may consider trauma as the only 
factor, trauma as the precipitating factor and trauma which exagger- 
ates a preexisting condition. As an example of trauma as the only 
factor, one may consider fracture of the os calds in a normal indi- 
vidual. As an example of trauma as a precipitating factor, consider the 
case of an overweight woman of 50 years, who has asymptomatic 
arthritis In both knees; she falls and injures one knee, lighting up an 
arthritis. As an example of trauma exaggerating a preexisting con- 
dition, one may consider a knee joint that has a low-grade arthritic 
condition which is affected by changes of weather but is perfectly 
serviceable until the woman falls on the sidewalk, bumnina her knee 
which results in pain, swelling and disability. ’ 
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Forms of Therapy 

All forms of therapy, or treatment, can be divided into lour types, 
viz: 


x. Medical 

3. Surgical 

3. Mental 

4. Physical 

AH forms of therapy not included In the first three must, therefore, fell 
into Class 4. 

Class 4, or physical therapy, includes the following: 
x. Rest 

3. Heat — tbermotherapy 

3. Fever therapy 

4. Massage 

5. Hydrotherapy 

6. Electrotherapy 

7. Heliotherapy— phototherapy — actinotherapy 

8. Mechanotherapy including the respirator ^ 

9. Medical gymnastics — exercises, swimming, underwater y 

nasties 

10. Occupational therapy — curative workshop 

11. Support 

12. Immobilixation 

13. Manipulative therapy 
14- Aids in locomotion 

Electrical apparatus Is overrated and used frequently 83 to 
time and manual labor. No one method Is a cure-all or aavrsa^ 


every case. _ __ 

There are indeed very few practitioners of medicine tmdwrS"?' 
who have sufficient information to advise the physical therapy 
actly what to do for their patients. They should, however, *«» 
diagnosfe the pathology and the reason for sending the patfcnt^ t 
physical therapist, telling him what is desired in the way of treaty 
of the pathologic condition and whether It la an atrophy, an 
trophy, an exudate or whatever it may be. t 

In prescribing physical therapy, one should consider the 
analogous to sending a prescription to the druggist. 

Daily treatment may be too frequent , , 

Many patlenta do not do well under ambulatory phy*^ 
who would, If they were recumbent. 

Advice to the phyaical therapUt: 

Do not try to cure the patient to one or a few treatments; « 
cannot often be done. 



Forma of Therapy < v*£li nl 5 

Do not discuss other cases or other doctors with patients or 
doctors. 

Do not talk too much. 

Do insist upon knowing the pathology. 

Do carry out the doctor's orders like a druggist would fill a 
prescription. 

Beware of deep massage over hairy areas in cases of myositis of 
the neck and lower back. 


The physical therapist too often uses his or her own h a n ds instead 
of encouraging the patient to use his or her own muscles and move his 
or her own joints. 

The importance of the early application of physical methods of 
treatment is becoming increasingly appreciated. It is important that 
physical therapy should be applied only by those qualified to do so by 
special training and experience. A knowledge of anatomy and physi- 
ology is fundamental. Much harm can be done and unfavorable 
criticism broadcast by misapplied physical therapy. 

Rest — Rest includes rest In bed. Rest to the body and limb is 
accomplished by the use of casts, splints, braces, frames and sandbags. 

Bed — Recumbency. — Most mattresses sag in the middle, from the 
sides and both ends. For that reason, they should be made rigid by 
Inserting boards or a wooden frame between the mattress and the 
spring. In some cases, a double mattress is desirable with the boards 
or wooden frame under the lower mattress. This is of considerable 
value in back and leg cases, especially for those patients who are in 
plaster of paris. 


Hat,— Thermo therapy is the application of beat or cold or both, 
alternately, as a means of treatment The chief agents are dry heat, 
moist heat, cold, and alternate heat and cold. The methods of adminis- 
tering these agents are as follows: 


Dry heat 


Moist heat 


Hot water bag 
Hot sand 
Hot brick 
Electric pad 

Electric lights — cabinet — baker 
Hot metal flask 
Hot chemical bag 
Hot air blower 

fHot baths 

1 Hot «PpUcation5 with or without drum 
[Steam baths 
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Cold 

Contrast heat 
and cold 


{ Ice bag 
Cold applications 
Cold air blower 

Bath 
■ Spray 
Applications 


Heat may be produced by ointments, liniments and plasters. 

Plasters, adhesive and bandages serve to retain the patient’* own 
beat 

Pilocarpine, Mo of a grain hypodermically. Is frequently used in 
connection with heat in order to induce early perspiration. 

The chief indications for thermotherapy are sprain, strain, fibrositb, 
myositis, arthritis and after various traumas. 

In discussing radiant heat, Putti contrasts the effect of diathermy 
and the spirit lamp. He believes that the so-called Bier ben, which 
consists of a wooden case containing a current of hot air produced by 
a spirit lamp, Is superior to diathermy. He believes that the heat which 
produces this type of active hyperemia Is the most effective form of 
physical therapy In the treatment of Infectious or traumatic m®' 
articular arthritis. Under the action of intense heat the pain diminishes, 
rontractnres relax, and the joint becomes more mobile. 

-tmto emphasizes the importance of active hyperemia. The mecta- 
n am by which hyperemia acts is a complex one and not completely 
unclCTstood. Vasodilatation, by activating the Interchange of body 
HuWs, inerraaes the power of defense, contributes to the neutraha- 
tmn of toxins, stimulates the processes of repair and, by an inhibitory 
action on the nerve endings, reduces the palm 
„v._i f °j Russian room is one which is provided with live ste*m 
f produced beneath a table through perforated metal p4**- 
a dv r antage Is the production of increased cutaneous ellmin*- 
e same holds true for the electric light cabinet 

’a"'?™, WA ? BaTH_I have seen the paraffin was: bath used 1 to 
ArmoufT^i 11 ^' 6 1107,1 North em Hospital in Liverpool by 
temperature nf especially in industrial hand and foot cases- 

sce ast'ssr -• F CJ - “ 

tub£5w *?? Fo«DtranoN8.— In the treatment of Mo- 
used ““ application of an anodyne Mj®; 

ing Pain -fSCEST"* ^ " 10 ^ 

y fa ' , '° nt ' loUon tb« Mowing formula: 
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It is used in the following m a n ner: 


Compartment A 


Compartment "B 


Compartment C 


1. Apply four layers of gauze over a wide area. 

2. Saturate the gauze with the lotion after the 

bottle has been well shaken. 

3. Apply oiled muslin, oiled silk or rubber 

sheeting. 

V Apply flannel or wool wrung out of hot 
water. 

.5. Apply oiled muslin, silk or rubber sheeting. 
\ 6 . Add hot water bottle. 

' 7. Cover everything with Turkish towels. 


If possible, elevate the affected part. Change hot water bottle every 
two or three hours if necessary. Add lotion to gauze three times a day. 


Fever Therapy. — Fever therapy includes the reaction obtained by 
the intravenous injection of foreign protein such as typhoid vaccine, 
aolan and milk; and subcutaneously, by Coley’s toxin. 

The subject of fever therapy is discussed by Neymann in Volume I. 
From the orthopedic point of view, It Is indicated in certain cases of 
arthritis and circulatory disturbances. 


Massage. — Massage may be of various types as regards move* 
meats and force applied. Olive oil, cocoa butter or talcum may be 
used to prevent irritation of the skin. Massage Is useful in assisting 
nutrition and mobility. 

Massage is indicated especially in sprains, strains, dislocations, 
fractures, stiff joints, following amputation, following infantile paral- 
ysis, peripheral nerve injuries and occasionally in spastic paralysis. 

It Is of real value In the preoperative and postoperative treatment 
of infantile paralytic conditions. Menu ell says that in the treatment 
of recent Injuries, one cannot heal tom fibers by massage, but he can 
assist in restoring the circulation upon which the repair depends. 

It is claimed for massage that it promotes metabolism, maintains 
nutrition, restores strength to weak muscles, prevents formation of 
adhesions and helps break them up If already formed, breaks up fibro- 
J* 5 - hastens repair after Injury, prevents and helps restore lost function 
in muscles and joints, and renders voluntary motion in diseased or 
Injured parts easier. 
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Reference to various chapters in this series shows one the wide 
scope of usefulness of massage. Massage should be used n so® u 
possible and should be very gentle at first, gradually Increasing in 
strength or severity. 

The contraindications for massage are hypers thesis la poEomyeBth, 
pain and infection. In cases of fracture or dislocation there is dmgn 
of displacing the bone fragments. 


Hydrotherapy. — Hydrotherapy Is the application of water at rtri- 
ous temperatures and pressures and with various constituents. 

Its value lies In the effect upon the circulation of the skin indue 
tonic action upon the nerves locally and generally. The chief 
of apparatus are the shower, needle-spray, hose-spray, and. th e mu 
and whirlpool baths. The last is a bath for the extremities in winch 
the water Is kept in motion. 

The application of hydrotherapy to the upper and lower extremities 
Is valuable, especially in sprains, strains and infections. 

The Short Cold Bath. — Riley presents a complete and 
study of the effects of the short cold bath, meaning a bath ax 
9° to 55° F., for one-half to three minutes (usually one minute). 


Electrotherapy.— Electrotherapy is the application of ricctnaty 
ns a therapeutic measure. The chief types of currents as descrjbea uj 
Kovacs are: (i) the galvanic, (2) the Interrupted galvanic, 
slow (galvanic) sinusoidal, fa) the sunrfna or Interrupted 



alternating, (6) the high frequency (diathermy) and (7) t* 
inere is a great advantage In bed treatment as compared vntn 
^treatment It is of greater value to bring the apparatus 
patient than to put the patient on a stretcher or in a wheel dwf. 
transport him or her to the apparatus. Diathermy and the 
current are the most valuable fbrms from an orthopedic »*«*><*£ 
^^tSj bakers and lights owe their chief virtue to the 
duct! cm of heat 

ri L for ^thermy consist In those conditio^ ^ 

TOch “ in sprains and strains, 

£ V* 1 ftbroai tIs. Diathermy should be very carefully us* 1 

The Smnrt-Bri«t^ ordhtMt suppuration. ^ ^ grjdiu iri 


n JSSgSi**}” far producing 

fibrosftfs < arih'ritf jaC R , mI ** indicated to spratos and strains, 
nnroslUs, arthritis and atrophy of muscles The present Smart cV’ 

found Is ,hLrah the ? 
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Among the pathologic disturbances most amenable to diathermy 
are sprained joints, Inflammatory phenomena accompanying fractures, 
simple arthritis and many forms of inflammation without suppuration 
in which heat tends to hasten the resolution of the inflammatory 
products and thus shorten disability. Acute and subacute neuritis, such 
as sciatic neuritis, and myositis, such as lumbago, often respond ex- 
tremely well to diathermy. Certain forms of acute and subacute 
gonorrheal Inflammation likewise yield more quickly under diathermy. 
In these conditions relief from pain is one of the outstanding advan- 
tages of the treatment. 

In the chronic forms of arthritis the effect of diathermy is not so 
uniformly striking. In many cases, however, partial or complete relief 
from pain and reduction of swelling is obtained. 

If diathermy treatment is Instituted at a reasonably early date, the 
trophic lesions in many cases of endarteritis or thrombo-angiitis 
obliterans or diabetes can be stopped, and much damage prevented or 
mutilating operations made unnecessary. 

Heliotherapy. — The subject of heliotherapy in tuberculosis has 
been covered by Rollier (Vol. III). However, there are many other 
conditions affecting the extremities in which heliotherapy is a very 
valuable agent. These include nutritional and circulatory disturbances, 
arthritis, myositis, fibrositis and synovitis. 

Heliotherapy is of great value in toning up atrophic muscles. Its 
value In nutritional conditions such as rickets is well known. 

Heliotherapy is of great value in atrophic arthritis. It is surprising 
to see the excellent muscular tone of individuals who have been under 
heliotherapy for years. Unquestionably, if these patients had not had 
heliotherapy, the enforced recumbency in bed would have resulted in 
marked atrophy of muscles and bones. I prefer the term hclioaero- 
tkerapy. 


Phototiteeapy means treatment by various lights. The ultraviolet 
lamp is an imitation of sunlight but a very efficient one. The exact 
action has not been determined. The two main types are the quart* and 
the carbon. 

Lamps may be air cooled or water cooled. The dosage of photo- 
therapy depends upon the type of light used, the individual character- 
istics, i.e., blonde or brunette, the distance from the body and the 
duration of exposure. 


The principles of heliotherapy apply to phototherapy. The infra- 
red light owes its virtue to the radiation and penetration of heat 
The quartz ray is better known as the ultraviolet ray. It is called 
the actinic ray because it has the power to exdte chemical action and 
has more effect upon photosensitive paper than other light ravn and 
is called ultraviolet because it lies just beyond the violet of the^dsible 
spectrum. TOUJ1C 
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The application of the ultraviolet ray Is followed by two reaction 
— a local and a general one. The local is manifested by various degrw 
of erythema; the general, by various blood chemistry reaction, ti* 
sum total of which may be said to be decidedly beneficial In many con- 
ditions. . 

One cannot allow this opportunity to pass without calling attnracn 
to the fact that phototherapy has been used indiscriminately 
and every condition. This state of affairs is deprecated and snouw 
condemned. Ultraviolet radiation has considerable value W*’ 
ologic point of view, but this has been greatly overdone and anuw-a. 

Phototherapy is indicated in atrophic musde and_ joint cototuc*^ 
in nutritional disturbances, tuberculosis and arthritis, m 
from fractures, and sprains and strains. In general, the India 
and contraindications are similar to those for heliotherapy. 

Mechanotherapy. — Mechanotherapy Includes various 
apparatus which perform passive movements of the limbs, as i 
by the Zander apparatus. .... 

The Europeans are more partial to this type of treatment 
the Americans. In most of the larger European clinics, one 
immense rooms with innumerable pieces of Zander 
apparatus Is applicable to almost every type of Injury and 
One sees a patient having his thumb moved for him at a regu ^ 


another 

certain 


patient having his fingers moved at a certain rate . a °, , ^ 
amount of force — another is having his foot^supms 


nated, dorsiflexed, plan tar-flexed or circumducted. One 8®*® * . 

bdng flexed or extended at rhythmical intervals or a U P 
ducted, adducted, flexed, extended or circumducted — ® ar d 

through its range of motion — another an elbow — another a ^ 

so on. There Is no doubt that there is considerable wiie ® a - 
Zander apparatus, but one should not lose sight of the fact tna 
physical therapy must be mixed with brains” in order to accompa^ 
desired result*, and there is no substitute for human hands and nun^ 
brains. In America, Qnc might say, this form of Zander Bpg™ 
treatment has not been very popular. Less cumbersome r n ^-''~rT 
therapy has been developed, especially by McKenrie. It is a 
adjunct to the restoration of movement and function. 

Rx*PttATon._The Drinker respirator has been described to 
ume I. However, from the standpoint of the orthopedic surged 
treatment of Infantile paralysis, It may be said that, in certain t» 
If the Drinker apparatus is not at hand and functioning, ail 
pedic surgeon s armamentarium may not save the patient’s me- , 
indications are to carry a patient through a transitional »*»££ 
respiratory paralyjii. It may be used In cases of Intercostal par*ly *» 10 
give those muscles a rest. 
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Medical Gymnastics — Exercises- — Medical gymnastics or exer- 
cises consist in muscle education and reeducation. Their chief value 
lies in the treatment of patients with infantile paralysis, spastic paral- 
ysis, brachial birth palsy, scoliosis, arthritis, postural disturbances and 
neuromuscular conditions. The equipment of the gymnasium consists 
of parallel bars, upright bars, wall ladders, stall bars, tables, benches, 
chairs, wall mirrors, wall exercisers, traveling rings, horses and floor 
mats. 

Active movements are those carried out by the patient. P a ssive 
movements are those performed by the physical therapist. The latter 
are employed chiefly when active movements are impossible because of 
weakness, pain or lack, of cooperation, or in the presence of adhesions 
that limit movement. Resistive movements are those performed by the 
patient against the resistance of the physical therapist, and vice versa. 

Gymnastics Include those performed on land and those in water. 

Swimming — IIydkocymnastics. — Hydrogymnastics is a term coined 
by Lowman and includes special types of exercises performed in the 
water with and without support. This valuable method Is discussed 
in Volume HI. 


Occupational Therapy. — The Importance of occupational therapy 
cannot be over emphasised. 

The chief indications for occupational therapy in diseases, de- 
formities and disabilities of the extremities lie in the treatment of such 
conditions as fractures, dislocations, infantile paralysis, spastic paral- 
ysis, sprains and strains, myositis, fibrositis and arthritis. 

Because it involves active movements, it may be employed at a very 
early period during treatment The subject of curative workshops Is 
treated in Volume I. 


By giving the patient purposeful acts to perform, making them 
very interesting and educational to him and by stimulating his ego, 
one may accomplish very much. It is very rarely that the patient will 
overdo to the extent of doing harm, because he is guided by discom- 
fort and pain. 


Mock and Abbey state that back injuries form a large percentage of 
the group in which physical therapy and occupational therapy com- 
bined can be of inestimable value to the surgeon. In cases of nerve and 
tendon sutures, muscle transplantation, infantile paralysis chronic 
arthritis, osteomyelitis, tuberculous and nontuber culous Joint disease 
occupational therapy has Its important place. In some cases the appli- 
cation fa purely diversional while the affected parts are at rest. In 
others, the work consists in reeducating the joints, muscles and nerves 
to their normal functions. For those who will not again be able to 
cany on their wort, a now tot of muscles or nerves must bo trained 
to function. Neither physical therapy nor occupational therapy should 
bo carried to the point of fatigue; occupations shonld be givm which 
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are best fitted to meet each peculiar condition of the case. The pitta 
should be encouraged and stimulated, and his achievements recogmied 
and rewarded. 

Support. — In the application of bandages, one must be ve ry cart ful 
not to Interfere with circulation. In adhesive strappings, the tapta*™ 
thing is to avoid constriction of circulation. One . 

in every case the complete encircling of a limb by one strip oi piastff. 

In the application of splints or braces, one may say that — ^ 1 
used or anused, depending upon the skill and experience^ of thepr*® 
who applies them. Splints and braces are not universal bat 
individualized to the particular patient. 

Immobilization. — Immobilization Includes bandaging, stra^A^ 
splints, braces and casts. 

Bandages. — Bandages arc made of gauxe, muslin and 
woven materials which are resilient and, therefore, can 
and compression. It Is important in the application of tne 
that no constriction of the circulation results. If the limn 
becomes cyanotic, the bandage is evidently too tight. “vI-j*— 
types of resilient bandages, such as the Ace and the Tetra 
These bandages are woven so that the bandage acts « . 
support. They have a definite place in the treatment of vancroc^ 
and other circulatory disturbances. There are combination 
with adhesive on one or both sides. 

Splints. — Various types of splints are illustrated in Figures i6, 54 
55, 56 and 57. 

B backs. — V arious types of braces are illustrated in Figures 7> 

I3 iri 4 ’ l6, S4, S5 » 56 » S 7 r 62 and 64. _ Mr w *od 

The surest way to get rid of braces Is to put them on 3 
wear them faithfully until they are no longer necessary. 

Casts. — -Every one who engages In physical therapy 
the principles of plaster-of-paris technic and how to banarc 
especially those that are bivalved. g 10, 

Various types of plaster casts are illustrated In Figures 3 , 5r > 

11 15, si, 52, 53 and 64. 

A cast never made a joint permanently stiff. Any stiffness cau^o 
a cast quickly disappears. It is the disease or trauma that 
stiffness. When the disease or trauma predisposes to Joint 
and early physical therapy is necessary to prevent stiffness, tl* 
if prolonged, interferes with physical therapy and therefore, to 
extent, is responsible. . .. 

I-butcr boDd^KH ere ueually o{ ^oUne or UrhwA 

the meehee of which li rubbed the plaster-of-parie powder. The 
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age Is then rolled and stored until used. The most common type of 
crinoline is that whose meshes are 28 or 32 to the inch. 

When ready for use, the plaster bandage is soaked in a bucket 
two-thirds full of lukewarm water. The addition of salt hastens, and 
sugar retards, the setting. The bandage is laid 00 its side until all the 
air bubbles have ceased to appear at the top of the water, which 
means that all the plaster has been saturated. It Is then lifed out, both 
ends squeezed and twisted through a small arc, to get rid of the excess; 
It is untwisted, flattened out and the end of the bandage found and un- 
raveled a few inches, when the bandage is ready to be applied. Plaster- 
of-paris bandages should be applied over one or two layers of stockinet. 
One layer of stockinet is most commonly used, then a layer of sheet 
wadding, then a gauze bandage and, finally, the plaster bandage. If 
two layers of stockinet are used, no other padding Is used except over 
bony prominences such as the patella, the ankle bones and the heel. 
One should be careful to pad the Acbilles-tendon region because of 
danger of causing pressure. 

One hears the expressions “corrective’' cast, splint or brace. They 
are misnomers. They are instruments of retention, that is, apparatus 
to maintain correction or overcorrection after those positions have been 
obtained by some other means, such as manipulation or operation. 

Adhesive. — Adhesive strappings are of value In sprains and strains. 
Adhesive strapping of a foot and ankle is found in Figures 40, 41, 42 
and 43; lower back, Figures 60 and 61; pelvis, Figures 60 and 61. 
Other regions frequently strapped with adhesive are the metatarsal, 
big toe, little toe, knee, hip and chest 

Elastic supports for the metatarsal region, the ankle, the leg, lower 
leg and the entire leg are of some value, especially in those cases of 
circulatory disturbance in which there is swelling of the limb, such as 
varicose veins, and in traumatic conditions, such as sprain and strain. 

Frames. — The most common frames in use are those of Whitman 
and Bradford. The Bradford type is a gas-pipe frame made usually 
of to #-lnch gas pipe. This Is rectangular in shape with an elbow 
at each of the four corners. Over this frame there Is stretched a canvas. 
TTie canvas may be in one, two or three pieces. 

The Whitman type Is a curved Bradford frame. 

A Balkan frame is an overhead structure consisting of four uprights 
corresponding with the posts of the bed— two longitudinal boards or 
bars and two cross bars. It is used primarily for overhead suspension 
in cases of fractures. A trapeze is suspended so that the patient mav 
pull himself up. J 

In Locomotion.— These include cratches, cana and artificial 

Chut area. — Crutches are Illustrated In Figure r. 
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are best fitted to meet each peculiar condition of the case. The patio! 
should be encouraged and stimulated, and his achievements recognized 
and rewarded. 


Support — In the application of bandages, one must be very cueW 
not to interfere with circulation. In adhesive strappings, the impertnt 
thing is to avoid constriction of circulation. One should try to »nid 
In every case the complete encircling of a limb by one strip of pilaster. 
In the application of splints or braces, one may say that they m* * y be 
used or abused, depending upon the skill and experience of the perscc 
who applies them. Splints and braces are Dot universal but mult he 
individualized to the particular patient. 

Immobilization. — Immobilization includes bandaging, straffing, 
splints, braces and casts. 

Bandages. — Bandages are made of gauze, muslin and virfrxuly 
woven materials which are resilient and, therefore, can act “ RJ ff crt 
and compression. It is Important in the application of the bandage 
that no constriction of the circulation results. If the limb sweJ 
becomes cyanotic, the bandage is evidently too tight. There are vanan 
types of resilient bandages, such as the Ace and the Tetra buuuf#—" 
These bandages are woven so that the bandage acta as a rc5 ^. 
support. They have a definite place in the treatment of VEr ^ c ! B Vi,_ r , 
and other circulatory disturbances. 'There are combination bawQg= 
with adhesive on one or both sides. 

Sflints. — Various types of splints are Illustrated in Figures 16, 54> 
55, 56 and 57. 


Braces. Various types of braces are illustrated in Figures 7> 

16, 54, 55, 56, 57, 62 and 64. , %v a 

The surest way to get rid of braces is to put them on ear y 
wear them faithfully until they are no longer necessary. 


*1. C A ^~Every one who engages In physical therapy shffld 
the principles of plaster-of-perfs technic and how to handle 
especially those that are blvalved. 9 l0 . 

Various types of plaster casts are illustrated In Figures 3, 5, > 

11, IS, 5i, 53, 53 and 64. , ^ 

A cast never made a joint permanently stiff. Any stiffness caused^ 
a OLSt qufctly disappears. It Is the disease or trauma that e*** 
stiffness When the disease or trauma predisposes to Joint 

Is necessary to prevent stiffness, the 
if prolonged, Interferes with physical therapy and therefore, to W 1 
extent, is responsible. 

Plaster bandages are nsnaffy made of crinoline or taris tan 1 W» 
the meshes of which Is ruhbed the plaster-of-paris powder. The W& 
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The patient usually learns the best manner of using one or two 
canes. 

When one cane is used It should be placed on the weak or disabled 
side- 

When two canes are used they should be used in a manner similar 
to that employed with crutches; via., protrusion of the right cane, then 
the left foot, next, the left cane and, finally, the right foot. 

AitnnciAL Lums. — The subject of artificial arms and legs Is dis- 
cussed in detail in Volume II. . 

Manipulative Therapy; Brisement Foret — Manipulative ther- 
apy Includes that performed gently and over long periods, and that 
performed quickly under anesthesia. Local, spinal or general anesthesia 
may be used. 

One should be careful in performing manipulation under anesthesia 
except in a few conditions. 

Brisement forc£ may be used In a refracture of bones to correct 
deformity. This was a common procedure during the late war. 

Manipulative therapy Is indicated principally in those conditions 
which follow several weeks after an injury; that is, those conditions 
due to adhesions rather than to arthritis. Manipulation is indicated in 
those conditions where, because of a comfortable posture during an 
acute illness, a person develops a contracture, such as an adduction 
contracture of the thigh or of the shoulder, or a flexion contraction of 
the elbow or knee. 

The following are brief outlines of the technic in manipulating 
representative joints: 

1. Hip: With the patient completely anesthetized and the pelvis 
and opposite leg secured firmly to the table, the affected hip is flexed 
with the knee flexed; It is then extended, then flexed with the knee 
extended. It is then adducted, abducted, extended with the knee ex- 
tended, circumducted, then rotated inward and outward. It is then 
byperextended over the edge of the table. In some cases the adductor 
tendons must be divided before abduction can be performed. 

2 . Knee: With the pelvis and the other limb held firmly, the knee 
is gently flexed, t hen extended two, three or four times; It is not used 
as a pump-handle. In all cases of manipulation of the knee one should 
see that the foot and the hip on the same side can be put through 
the normal range of movements. 

3 : Ankle: Manipulation of an ankle includes dors Iff exion, plantar 
flexion, inversion, eversion, supination, pronation, circumduction- 
dord flexion and supination at the same time are the sine qua non in 
manipulation of the ankle. 

4. Foot: Manipulation of the foot includes that of the subastraga- 
lar joint, through the tarial joints, through the tarsometatarsal joints 
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Crutches are measured for adults ^ 
height of the individual. Another method is to mrasuretw^^ 
from the axilla to a point 8 Inches outward 1 from ' fee 
the fooL Crutches come in even s r« only and, ^ 

the larger sire should be prescribed and then cut on. a “t» 



. ^ ttflkrr *** 

Fb. i. — S pecial type oi dutch. Substitution of * bmchlsl 01 

should be applied, and axillary pads should ^ ad^^ 
to prevent irritation and crutch palsy. , the 

If a patient is allowed to bear weight on ^“.Cforward, d*® 
method of progression is as follows: place one Jgintog ^ oC T 

the opposite foot; then the second crutch and then tne ^ —a bod 1 
If a patient walks with crutches and one leg, he f^yed of, 

crutches forward, then the leg, the affected leg either n ^ ^ tla c 
preferably, with a block under the shoe (heel and sole) tUtiog d* 
in order to keep the Injured part off the ground, witnou 
pelvis and spine. w %xt Q° 

Canes.— Canes are used during the stage after criJ wbri* 
longer necessary. They may be used In minor cono 
crutche* are not required. 
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The patient usually learns the best m anner of using one or two 
canes. 

When one cane is used It should be placed on the weak or disabled 
side. 

When two canes are used they should be used in a manner similar 
to that employed with crutches; viz., protrusion of the rigbt cane, then 
the left foot, next, the left cane and, finally, the rigbt foot. 

Artificial Limbs. — The subject of artificial arms and legs Is dis- 
cussed in detail In Volume II. . 

Manipulative Therapy; Brisement Forc6. — Manipulative ther- 
apy Includes that performed gently and over long periods, and that 
performed quickly under anesthesia. Local, spinal or general anesth esi a 
may be used. 

One should be careful in performing manipulation under anesthesia 
except in a few conditions. 

Brisement forci may be used In a refracture of bones to correct 
deformity. This wus a common procedure during the late war. 

Manipulative therapy is indicated principally In those conditions 
which follow several weeks after an injury; that is, those conditions 
due to adhesions rather than to arthritis. Manipulation Is indicated in 
those conditions where, because of a comfortable posture during an 
acute illness, a person develops a contracture, such as an adduction 
contracture of the thigh or of the shoulder, or a flexion contraction of 
the elbow or knee. 

The following are brief outlines of the technic in manipulating 
representative joints: 


1. II ip: With the patient completely anesthetized and the pelvis 
and opposite leg secured firmly to the table, the affected hip Is flexed 
with the knee flexed; it is then extended, then flexed with the knee 
extended. It is then adducted, abducted, extended with the knee ex- 
tended, circumducted, then rotated inward and outward. It is then 
byperext ended over the edge of the table. In some cases the adductor 
tendons must be divided before abduction can be performed. 

2. Knee: With the pelvis and the other limb held firmly, the knee 
fa gently flexed, then extended two, three or four times; It Is not used 
as a pump-handle. In all cases of manipulation of the knee one should 
see that the foot and the hip on the same side can be put through 
the normal range of movements. 

3. Ankle: Manipulation of an ankle includes doreiflexiem, plantar 
flexion, Inversion, eversion, supination, pronation, circumduction- 
dors! flexion and supination at the same time are the sme qua non in 
manipulation of the ankle. 


4. Foot: Manipulation of the foot includes that of the subastrajm- 
lar joint, through the tarsal Joints, through the tarsometatarsal joints 
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Crutches arc measured for adults by subtractlug 16 Ww fomto 
height of the Individual. Another method Is to measure 
from the axilla to a point 8 Inches JKd 

the foot Crutches come in even tsUes only and, dod - R nbto gp 
the larger sire should be prescribed and then cut ofl. Kneoer up 
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Fn. i . — Special type of crutch. Sohrtltotlon of • 

should be npplled, and axillary pads should be added to tha 
to prevent Irritation and crutch palsy. , the I* 0 ** 5 ” 

If a patient is allowed to bear weight on both _ard, then 

method of progression Is as follows: place one foot 

the opposite foot; then the second crutch and then the ,, . ^ 

If a patient walks with crutches and one leg, he flfjed.or, 

crutches forward, then the leg, the affected leg du** vreO 
preferably, with a block under the shoe (heel and sole) ® . tilth 1 ? 
in order to keep the injured part off the ground, witnou 
pelvis and spine. hes art 00 

Canes. — Canes are used during the stage after cr H..- Ti; whet* 
longer necessary. They may be used In minor condii*^ 
crutches are not required. 




Fm 3.— Lemfa type of crtm-bar cart for cowcndtal dub feet A, conaenhal dab 
feet In a child 11 day* old; B, 000 foot corrected and In pUucr emit; C, both feet 
«rrected| D, cro* bar made of tonp» drpm*oia to maintain outward rotation of 
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m ,' tat « r *opbal&ngeal Joints. In the metataal Jobs 
tne important consideration is plantar flerion. 

iJ'.i u I 'J 1 * poOcnt entirely flat and secured to tie pUe, 
tne shoulder Is first manipulated gently in forward fMon with the 
torTOrd wbb the elbow extended, ionrari 

vj ^°^ ca rro both in supination and pronaticn, gentle 

ctlon, forced abduction (bolding the scapula firmly), backward 
ension of the arms, circumduction of the shoulder and complete 
. cxt . eTnft ^ rotation. The most important movements tint 
2? obtained are abduction and external rotation, 

is flexed and extended three or foar does 
wttn the forearm both in pronation and supination. 

, P' ii e WT ^ 5 ^ should be doniflexed, palmar-floed, forced 

“25B ra dfftlvrard and ulnarward: the important considerations ere 
uorsinexion and supination. 

, ^ lc ^d must be manipulated so that it can be pat fa 
p<» tion of grasp — as though it were grasping a tumbler. 
pi.J'f"** ^ manipulating the neck one should be very autkws. 
i_ flexion of the head, extension of the head, lateral f*od- 

Sf 5> ne almost touche* the shoulder of the same side, then 

left Thl 2JS* ^ &* dus * rotation to the right and rotate to the 
mo _ t w i. re f der ^ ^Hrned that manipulation ofthe neck is one at the 
which , il ^ ** 0De of toe ™>sl harmful, procedures to 
which an individual may be subjected. 

ert^iM mditio,1S 1 may cause disabilities and deformities of the 
a Ion « “st, roost of which have been me* 
in this chimed TboM! not discussed in detail will be included 

made. mfS,. ’• S ?* cia conditions include congenital, infectious, trx&- 
^ mechamcai, static, postural, neuropathic and functional db* 

Congenital Detects and Detokmities 

consid^Tdar ? d uM ^ ^ defonnI to», the most important to be 

™ are clubfoot and congenital dislocation of the hip. 

CLUBFOOT 

^d^oo^the 07 Required. . 

calcaneovalgus. ^ main t> ’ pe * arc cougwltal equinovarta and 


Talipes 


Talipes 


/equinua 

\cafcaneus 




varus 

valgus 




Fro. i. — Extreme type of confmhal chihfoot, taflpes eqnfaovaros In a boy of 11 yesrs, 
*ho bad had do treatment. Note tl* lar^e bomc In the refloat of the cuboid bones. 
(Courtesy of Dr. John L. Porter.) 



Fro. 3,— Le»b type of cro»-t*r cut for cownlul dab feet. A, cnwrenh*! dab 
feet b m chad 11 days old; B, 00* foot corrected sod b plaster cast- C, both feet 
corrected; D, cross Ur made of tcn*oe depteswrs to mablab trataak rotation of 
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and through the metatarsophalangeal joints. In the metatarsi! jcinb 
the important consideration is plantar flexion, 

5. Shoulder: With the patient entirely flat and secured to the taHe, 
the shoulder is first manipulated gently in forward flexion with the 
elbow flexed; then forward flexion with the elbow extended, forward 
flexion with the forearm both In supination and promtioc, grade 
abduction, forced abduction (holding the scapula firmly), todtw ufl 
extension of the arms, circumduction of the shoulder and compute 
internal and external rotation. The most important movonents tW 
must be obtained are abduction and external rotation. 

6. Elba ip: The elbow is flexed and extended three or four times 

with the forearm both in pronation and supination. , 

7. Wrist: The wrist should be dorsiflexed, palmar-flexed^lotnto 

laterally, radial ward and ulnarword; the important considerations art 
dorsfflexion and supination. . 

8. Hand: The hand must be manipulated so that it can be 
the position of grasp- — as though it were grasping a tumbler. 

9. Neck: In manipulating the neck one should be very c* u 
Produce gentle flexion of the head, extension of the head, lateral 
ing bo that one ear almost touches the shoulder of the same ode, 
the other aide, then gradual rotation to the right and rotation 0 
left. The reader is warned that manipulation of the neck is one 0 
most delicate, and it may be one of the most harmful, procedures 
which an individual may be subjected. 



orders. 


Congenital Detects and DzroiatmEfl 

Under congenital defecte and deformities, the most important to ** 
considered are clubfoot and congenital dislocation of the hip* 


Clubfoot may be congenital or acquired. , _ . 

In clubfoot, the two main types are congenital equlnovaru* 
calcaneovalgus. 

Talipes Jequinus 
(calcaneus 
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taneous reduction. In the older cases, treatment includes manipulation 
under anesthesia, retention in plaster casts which are c h anged in 
periods ranging from 3 to 6 months, then follow-up treatment which 
includes exercises and baths, such as the brine bath of Denuci, and the 
Galraxri, Putt! and Ridlon manipulations. Open operations are re- 
quired in those cases which cannot be reduced by the closed method 
or in those hips which will not stay reduced by the closed method. 

The chief manipulations or maneuvers for the reduction of con- 
genital dislocation of the hip include those of Pad, Lorenx, Galeazri, 
Putti, Ridlon, Bradford, Davis and CaioL Every textbook of ortho- 
pedic surgery describes some of these methods. At the time of change 
of the cast and following Its final removal, bathing of the hips and 
lower extremities in warm water, and application of beat followed by 
gentle massage are indicated. As a rule these patients can be trusted to 
return the legs to normal position by being allowed to exercise them 
cautiously, especially in warm water. 

CONGENITAL DISLOCATION OF THE KNEE 

Congenital dislocation of the knee is a rare deformity characterized 
by genu recurvntum or a backward curving of the knee Joint. The early 
treatment consists In gentle manipulation to flex the knee and the 
application of a splint or plaster cast to bold it in the flexed position. 

MacFariand and McMurray have devised an operation, sectioning 
part of the quadriceps femoris muscle, followed by flexion of the knee. 
If the child is seen and treated very early, operation is rarely 
necessary. 


CONGENITAL DISLOCATION OF THE 6HOULDER 

Congenital dislocation of the shoulder Is a very rare deformity. 
There are not more than 35 Instances reported in the literature, several 
of which are not authentic. The treatment consists in gentle manipula- 
tion and retention followed by physical therapy, including gentle 
massage and more gentle movements. 


CONGENITAL FLATFOOT 

The etJoioglc factor of importance in congenital flatfoot Is heredity. 
It is more often transmitted from the father’s than the mother’s side*. 
The importance of the accessory scaphoid should not be overlooked! 
This is an adventitious bone in the region of the tarsal scaphoid. The 
Important factors are the early recognition and early treatment The 
best early treatment is a plaster-of-paris cast maintaining the posterior 
portion of the foot in supination, with the fore part of the foot in Do- 
nation; that Is, the posterior half of the foot should be Upped outward 
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The treatment may be divided into early, Intermediate, and tote 
Treatment Includes manipulation, overcorrectlon and retenUontt W 
braces or spUnts. In the final stages of treatment, one ^ 

shoes with modifications, eserdscs, massage and 
• When one finds congenital equlnovarus, he produces a ctnanco- 
vnlgus and vice versa, 

Pes planus Is flatioot. Metatarsus varus Is £ 

per cent of congenital clubfeet ore of the type In w rooo 

pointed downward and inward, This type occurs once 
births; 65 per cent are in males, and 57 per cent axe ^4. 

The deformity is usually said to be due to P«Wot in » 
ity Is found to be a factor in 5 per cent of the cases, 
cent of the cases are in the first-born. ^ of 

The chances of cure depend upon the age, the type 
deformity; the degree of rigidity, the pr oper ^ ^ be 

sistence of the treatment and observation. Active trea ^ 

necessary for months, and care and supervision lor y jfcut 

narrow foot Is much more amenable to treatment 
chubby foot. 

Treatment. — The treatment for clubfoot may be the 

during infancy, during childhood or in adult life; but ^ 

better. The object Is to correct the deformity aa rT^de ft 

to maintain the correction until proper use of the \ t mme dfridy- 
permanent. Some form of treatment should be fasti tutea ^ 

The means of correcting the deformity are manipulation l Qrjcradon 
out anesthesia), the use of casts and braces, and °P crt . The 

is rarely necessary when the patient is seen 5000 atraPP^ 

various methods of retention consist of bandages, Aonesxvr 
plaster-of-paris casts and braces. { D _ r f 3 (even 

I cannot recommend too strongly the use of plaster 01 »r~ ^ 3*. 
though the infant be but one hour old) to retain a , w v, a _t rc ^tksi- 
reeled position which has been obtained by gentle mamv^ <jf 
Massage, exercises and modification of shoes are atb« .-yUjcssnd 
importance. In older Individuals, operations on the bones, 
other tissues may be necessary. ff**' 

In clubhand the treatment Includes manipulation, re ten ^ 

sage, further manipulation, braces and exercises. Operation 
necessary. 

CONGENITAL DISLOCATION Of THE HIP 

Congenital dislocation of the hip is the most important 
dislocation. The displacement may be upward, backward or , 

The most common U upward and backward. Early treatment^ ^ 
what PuttI has described as a triangular frame which is iritacbeQ 
child’s fags so as to produce abduction, which usually results m ** 
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Tra uma tic Condition* 
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sprain, strain, rupture of muscles, rupture of tendons, flat feet, knock 
knees and bowlegs. These conditions are described at length in other 
chapters. 



Fix 8. — Tntimitlc right flitfoot; (*) front rirw ; (b) rt»r view; (c) corrrctni fa a 

plMtCT CWt- 


In regard to trauma and postural cases, practically all physical 
therapy agents have been discussed in tbe chapters on fractures and 
dislocations in joint injuries (Vols. II and HI). 

SPRAINS AND STRAINS 

It has been stated that “a sprain Is worse than a break.” This is 
grossly untrue because most sprains are mistreated. The proper treat- 
ment for a sprained ankle, for example, is absolute rest and elevation 
of the limb, the application of cold and a compression bandage. In 
athletic individuals, weight-bearing should be encouraged. In others, 
it is contraindicated. 

MenneH advises early movement and massage without fixation. 

Smart advises the early use of graduated muscle contractions by 
means of his electric cofl and no immobilization. 


RUPTURE OF MUSCLES 

In cases of rupture of a muscle the early diagnosis Is important The 
treatment includes rest, relaxation of the muscle, application of cold 
ami retention support. Recently, it baa been advised to inject novo- 
calne Into the muscles to cause reiaialion. Heat, maasaire and ratie 
active movements are Indicated. 
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and the fore part of the foot tipped Inward so that the big UK tots te 
the cast. The cast should be replaced every two or three weew, IlMy 
be followed by adhesive strapping or, preferably, a 
tions of the shoes are very important and consist in . 

inner border of the heel and the outer border of the sole. Felt 
the shoes are of value In supporting the longitudinal fln T e ^r ier ?v 
should be started as soon as the child can comprehend. Massage 
important and contrast sprays may be used for older children. 


SPASTIC PARALYSIS • 

The causes of spastic paralysis ore intra- and 
intra-uterine causes are defects or conditions within the sku » , 

cysts and hemorrhage. The obstetric causes are traunmoaroiL^ 
Immediately after, birth. The latter is illustrated by 
at resuscitating a “blue baby.” The treatment consists in 
and curative measures, prophylaxis including gentleness l 
The curative measures include the following: lumbar punatm^q^ ^ 
tion, swimming, stretching of contracted structures, waiting, 
walker or crutches, braces and neuromuscular training. 

In the treatment of spastic paralysis, one should empaaore ^ 
of heat In order to relax muscles, withholding massage, 
ness in handling the patients, to the extreme degree, "^proper 
ments. A movement directed by the brain and carried out oy ‘1 qIsc3 
muscle or group of muscles, with no overflow of / nerv T_ f 
producing purposeless movements, is the acme of j Q tan- 

Lowraan has emphasired the value of a io per cent roex 
perature of the water used in swimming over that useu 
myelitis cases. 


BRACHIAL BIRTH PALSY 

In brachial birth palsy the important points are early { JTtC yal 
and early treatment A new-born child with the diagnosis oi ^ 

birth palsy should have Its arm suspended from the t°P J? w i r t 

by a sling In the form of suspension guy ropes. A very 
brace of the Sever type should be made. Physical therapy ‘'*“V ary 
includes massage and gentle manipulation. Operations are . ^ 
in certain cases. They usually are required in those cases wav 
been neglected. The most important operation is the g 06 minor 
the name of Sever in which the pectoraiis major and the 
tendons are cut In some cases the coracobrachial is ana so ,o*jtlc 
are also released. Klelnberg has recently advised a caps** 
operation which is evidently very beneficial. 


Traumatic Conbotonb ^ , 

Traumatic conditions Include industrial, occupational, 
or static. These include fracture, dislocation, fracture-dW* 3 
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R UP TUBE OF TENDONS 

Rupture of the tendon often requires suture, which should be done 
early so that active motion can be instituted as soon as possible. 
Splints, beat, massage and gentle active movements are indicated. 


FBACTUBES 

In the treatment of fractures, one must emphasize the importance of 
rest, reduction, retention, early active motion, heat and physical 
therapy. Some advise occupational therapy as being of greater value 
than physical therapy. 

This subject is discussed at length in Volumes II and HI. 


DISLOCATIONS 

(See Lindsay and Brown, VoL III.) 


Conditions cf Infectious Origin 

Infectious conditions include tuberculosis, syphilis, Charcot’s joint, 
syringomyelia, infections with pus organisms, infections with unusual 
organisms, osteomyelitis, infantile paralysis and encephalitis. 

The physical therapeutic measures that are of value in infections 
are heat, in the form of radiant heat or fomentations, elevation, ultra- 
violet and roentgen-ray therapy, and hydrotherapy In the form of 
packs. One must be careful to prevent contractures, deformity and 
adhesions. The technic of incisions and drainage is not Included in this 
chapter. 


TUBEECULOSIS 

In the treatment of tuberculosis of bones and joints, the important 
factors are rest, proper splinting, prevention of deformity, correction 
of deformity ff ft has occurred and preservation of function or the 
restoration of function if it cannot be preserved. 

In the treatment of tuberculosis of bones and joints, many physical 
therapeutic agents are of great value. These include rest, recumbency, 
support, immobilization, plaster-of-paris casts, braces, therapeutic 
baths, heliotherapy, phototherapy and occupational therapy. 

Axthrodesing or stiffening operations are of great value. They are 
performed on the spine, hip, knee, ankle, shoulder, elbow and wrist 
The reader * referred to textbooks of orthopedic surgery for descrip- 
tions of these operations. 





Fiq. ii. — A girl of i ft yrrnr* who had 
tnlantDe pcralyab it tbe nr of i ye»ra. 
Note toUI rifit Kolkwb wfth the ihort- 
en±D* of the right leg. m-hlcb produced 
in Inequiftty of the giuteel create* mud 
dimple* tn the legion* oi the poeterior 
■Jperior ItLic spine*. 



Fk. lie— Ertrrme type of In(«utfle p*r- 
ilrri* with high detree of defonnhle* end 
dtnMIH e. 



Fw. 13. — Cilfper brace* with 
loch Joint* it the Loee* «*ed oc 
• patient mho had fafmtQe 
parafjik. 


it-ijro looe-leg bract* 
t**c* foe eitemlTe 
due to ulterior poflomye- 
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SYPHILIS — CHARCOT JOINT 


t ? al . tn ' TOt Of syphilis, one must be careful to 
__■ ( ^ r deformity has occurred, It should be ccrt ^ ec ^ e Jr 1 i- r 

vwwus physical therapeutic means included ere massage, »#>**; 
m^Urt’ w I etothTO 'Py end diathermy. Specific treatment In*®"* 
meierta end arsphenamine is not discussed in this chapter. 


OSTEOMYELITIS 

mmli^d!" 31 ”” 11 of 03t «enynlltts, three methods wffl be Wety 

■¥f “Sr*a 

means o( S?lP 0 P<;b>riaed W Baer, which is the treatmeirt 1 V 

spednl pro^SfS!' ^ s " ot ' ht “ llvln « !avrogtr r(1 S U !Sf' |]JV 

nuRRou are inserted^ ?! ™>gSot are sterilleed andj« 
eicdlent result, f ate numerous reporO 




portant In order that a strong group of muscles may not overcome a 
weak group. 

In the case of a shoulder, the arm should be abducted to a right 
angle for most of the day and night, being released four or five tiroes 
dally and placed in adduction for a few minutes each time. One must 
be an guard to prevent contracture in adduction and Internal 
rotation. 

The elbow should not be allowed to develop a flexion contraction; 
the wrist should be held In dorsiflexlon, and the fingers in the position 
of grasp. One must guard against pronation deformity. One should be 
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3. The aluminum and potassium nitrate treatment is the use of 
this chemical done into a poultice using rolled oats, which is ip- 
plied to the limb. There nrc reports of excellent results following this 
method. 

The physical therapeutic measures that may be of value in tax 
cases of osteomyelitis include phototherapy, heliotherapy, the arben 
arc lamp and occupational therapy. One must endeavor to mihrtito 
muscle tone and counteract atrophy of muscle. Transfusion of Wood □ 
indicated in some cases. 


ANTERIOR POLIOMYELITIS 

In the treatment of anterior poliomyelitis, or Infantile 
physical therapeutic measures are indicated In every stage, ina\*wi 
the preparalytic, paralytic, subacute and chronic. During the prepay- 



nurin^thl c '™ V0, '? wnt serum is probably tire most imports 1 

\ h L i "r rt ™ c ' of b3 ^Uons or bedV*^ 
^ ' PropCT ^ Position, including the 

oi bones and joints in n position ofueutnd muscle pull, is ^ 



portant in order that a strong group of musdes may not overcome a 
weat group. 

In the case of a shoulder, the arm should be abducted to a right 
angle for most of the day and night, being released four or five times 
daily and placed In adduction for a few minutes each time. One must 
be on guard to prevent contracture in adduction and internal 
rotation. 

The elbow should not be allowed to develop a flexion contraction; 
the wrist should be held In dorsiflexion, and the fingers In the position 
of grasp. One must guard against pronation deformity. One should be 
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very careful, If the thumb muscles are involved, not to allow deformity 
to occur. 

Bed positions arc maintained by means of pillows, boards it the 
foot of the bed, boards under the mattress, sandbags, salt bags, cut*, 
splints and braces. When the patient is ready for walking, crutcbe* 
or a special walker is to be used. 

The causes of deformity are unequal muscle pull, the ejects ot 
gravity and the early use of weakened muscles. The cause of li- 
ability is weakness of the muscles. The various physical thcnpy 
agents include medical gymnastics, massage, exerdses , contrast 
neuromuscular reeducation and underwater gymnastics. I 
few cases used fever therapy; that is, intravenous infection of typo* 
vaccine. 

ENCEPHALITIS 

The Important factors to be mentioned here are the 
deformity, the correction of deformity and the prevention of 
The agents used are casts, braces, splints, crutches and canes, « 
muscular reeducation is very important. Operations on sympa 
nerves are often of value. 


Conditions op Mechanical cut Static Origin 

The mechanical or static group of conditions include: flatfoot, nd* 
tarsal depression, pcs cavus, knock knee and bowleg. . ^ 

The function of the foot is to supply an organ of * oco ^T , Dj &- 
Is springy, in order to avoid jars to the brain, spinal f cord _. ^ 
dominal organs. Anything that interferes with that function wecu 
whole body. The harmful effects of foot disturbances ^ 
in the foot, leg, knee, back, hip, the nerves and the general hciJ 
rhe causes underlying foot disturbances are concerned wttfl 
actors;^ heredity, occupation, injury, infection, hard floo^i 
sidewalks, asphalt streets, shoes, hosiery, the automobile and 
present-day living conditions. 


POOT DISTURBANCES 

'. oot comprbe four groups: (0 

deformities; ( 3 ) diseaMS of the b*e 

— of ^ f**t — deformities that are P re5 '°L”L*th 
of the ° f V* 3 ’ HU P e rnumerary toes, united toes. 

Acquired foot amI overia PP ln K ^ 

are due t0 infantile paralysii or other & 

t OT *l ^SL" 00 '’ t0 deprenlon of the fore pEt of the i«J 
^ “°d t0 honfota. Traumatic conditiona are due to 
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and dislocation. Warts, papillomas, hard and soft corns, and circula- 
tory disturbances are acquired conditions. 

Diseases of the foot are chiefly tuberculosis, syphilis, osteomyelitis 
and epfpbysitls, or inflammation of the growth-center of the bone. 
Arthritis or rheumatism may be due to any germ, to metabolic dis- 
turbances or to injury. 

Posture and Hygiene of the Feet. — Selecting the Correct 
Shoes. — The subject of shoes is very important. The first question to 
be considered Is whether shoes should be high or low-cut. Both have 
eminent advocates, but to my mind the preponderating evidence is in 
favor of high shoes. Lace-shoes are, as a rule, preferable to button- 
shoes. 

There has been much discussion in regard to the flexibility or 
rigidity of the shank of the shoe. Individuals without foot troubles may 
do very well In flexible-shank shoes. Those who have foot troubles, 
correctable by exercise only, will do well in flexible-shank shoes; but 
for that large number who need both exercise and support, the rigid- 
shank shoe is, at least temporarily, of much greater value. The shoe 
should have a round toe. It should have a medium-width shank. It 
should be made over a last with a straight inner border. The height 
of the heel should be within reasonable limits, as both extremes are 
undesirable, not only because of the effect upon the feet but especially 
because of the effect upon the back. Shoe fitting Is an art too little 
known. Every individual should change shoes once every day If 
possible. Shoe-trees or shoe-forms are valuable. Rubber heels, as a 
rule, are of distinct advantage In minimlring the repeated shocks to 
the feet, legs, and spine, and to the abdominal and pelvic organs. 

Garters. — Constriction of the leg is harmful to the circulation. 
This is true whether the constriction be caused by a circular garter 
or by rolling stockings in a hard ridge or knot. At the beaches one 
Bees many young girls and women with deep ridges just above the 
knees caused by circular garters. This causes interference with the 
return circulation of the blood and produces varicose veins. 


Bathing the Feet. — Clea nli ness of the feet is of the greatest im- 
portance. Ordinary bathing of the feet should be carried out once 
dally. The soap used should be of a nonirritating variety, and the foot, 
after being dried, should be dusted with a simple dusting powder. 
For “tired feet” the addition of small quantities of salicylic and boric 
adds to the water may be helpful. 

Contrast sprays for the feet and legs are administered by sitting on 
the side of the bathtub and spraying the feet and legs with warm 
• water for one minute and cool water for one minute. Alternate in this 
manner for ten minutes twice daily. Increase the contrast of the water 
Kradoilly from day (o day Jinny prefer to uie the warm spray for 
two minutes, and the cool for half a minute. H y 
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Contrast baths, although not so convenient, are of dHt i y i vatoek 
improving the circulation of the soft tissues of the foot and kj. To 
take a contrast bath, obtain two buckets, each large enough to c fletA 
both feet. Fill one bucket about two- thirds full of warm water, wd the 
other about two thirds full of cool water. Sit alongside of the bodrfi 
Place both feet in the warm water for exactly one minute. Remove fed 
and place in the cool water for exactly one minute. Alternate in this 
manner for ten minutes, i.e^ five minutes in each backet Increase the 
contrast of the water gradually from day to day. If tbe cool tppfict* 
tlons are unpleasant, reduce their time to 15 to 30 second*. 


Massage. — Massage of the feet twice dally, spending a few minutes 
every morning and night, is an excellent tonic. In this massage it b **5 
to use cold cream, cocoa butter, olive ofl, oil of wintergreen or a 
analgesic ointment such as the following: 

B OW Mutlhotoe 4 

■Add] ttBcySd 4 

MenthoHi 4 

Gunphorme 4 

Pbenolli 1 

Un*. »qmt ro*ae xj 

Lanolin tJ 

M. rt !t nn*. lod pul la coIUptlbie tube or J*r. 

SI*.: U*e cxtrnmUy for to min. tKfcr daily. 

.. , Do , Mt J 1 * the skin, but use a deep rotatory movement ol d* 
thumbs and fingers. 


i n J? ot tlons — Hot applications, consisting of fiannel y® 

tag! wrung out of a hot saturated solution of magnesium 
of value In relieving the ordinary painful foot. 

Ef'tcl.e.— For the young girl’s foot there is no tw* £ 
ordiMr 7 Get dandng, if properly taugib 
end Beneml for entire body in developing bals»ce> P“* 

Mud£Y^ t00 '.' careless methods °n the part of g 

cominr may 0rc b e » to break down Instead 

tbe age o/teTv Toe '^ Dcin g should not be begun, as [\ 

overdone mnr, ® a ^ room dancing Is excellent exercise, 

metatarsal orantm? 1 ** ^P 10 ® 8 of metatarsalgifl, !•«-> 
are ideal exerTt*^ 1 ^ of the foot. Ice-skating and 
figure^IaS^^f f0r ^ fect aod legs. While skating on *«» a * 5 ! 
ft*; lh£^« ° r l«ther strapThouId be worn over the *W* 
be worn ouufd^th^W^ ** bandaged, or a. skate-sWp • , 
For the abn™-rrv-,i Y**’ making a figure eight ,,rti 

of the weakness of the eupportingst^^ 

cises have been^e^?J n ^ Vme arches, a great many *P#& 
I'^Pmed. They will be described later. 



painful Heels 


BUNIONS 
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When the bursa of the big-toe joint is Inflamed, it fa called a . biudon 
and corresponds with housemaids' knee. Bollux valgus is the tern 
applied to the outward deviation of the big toe W'hen a 1 bunion occu 
fa the region of the fifth toe, it Is called a “bunionette. There vn 
other conditions of importance in the region of the big toe, via., ripd 
big-toe joint, rheumatic or gouty joint and sesamcnditrs or inflammation 
of one or both small bones under the joint. 


TlAiniEfi TOES 

Hammer tots are deformities that are inherited or acquired. Such 
a toe is often the site of a com. Overriding and underriding toes 
may often be trained to grow into normal position by simple adhesive 
strapping. Occasionally a toe is so long or so deformed that a surgeon 
should be consulted as to the proper measure to be taken regarding it- 


PAINT UL HEELS 

Pain in the heel may be due to a bony spur on its under surface 
or back, or to bursitis or chilblains in this region. Very often in the 
two latter cases it is necessary to remove the counter of the shoe, but 
frequently elevation of the heel in the shoe vrfll afford relief. 

For ordinary infections of tbe foot — as a temporary measure — a 
hot saturated Epsom-salt solution applied continuously in the form of 
wet applications, with considerable elevation of the foot, will be of 
much value. 

Concerning the care of tbe feet at various periods of life, I wish 
to say: 


1. The infant’s foot: If there is no deformity, care of the Infant’s 
foot consists of bathing and the application of a dusting powder. If 
there is a clubfoot, do not wait until tbe child Is a year old, but ha\-e 
treatment started immediately, even during the first day of life. 

2. Tie young chad’s foot: It is important that the baby's stockings 
and shoes fit properly. Fat babies should not be encouraged to stand 
too early, as there Is danger of causing bowlegs or knock knees. Stlff- 
»nUe shoes, that is, shoes reenforced with molded leather, are of value 
in tone cases of weak feet. Babies should wear white stockings but 
care should be taken to prevent the shrinking of the stockings from 

^ a * ock foot-compression and 

produces injurious results. 

3 - Care a) Ike jeet oj Ike adolescent bay or girl: From Infancy lo 
^rity, proper and abundant exercise of tbe foot muscles, especfaliv 
those oi the arches, fa oi Uie highest importance. One sbouldltat wait 
till the arch fa weak, but should aim to strengthen it earlv and tr 

“ ^ In '<* »<folesce n t,,tSny wCldr i^ 
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Contrast baths, although not so convenient, are of distinct v*loe in 
improving the circulation of the soft tissues of the foot and kg. To 
Uke a contrast bath, obtain two buckets, each large enough to contain 
both feet. Fill one bucket about Uro- thirds full of warm water, and the 
other about two-thirds full of cool water. Sit alongside of the buckets. 
Place both feet in the warm water for exactly one minute. Remove feet 
and place in the cool water for exactly one minute. Alternate in this 
manner for ten minutes, i.e., five minutes in each bucket Increase the 
contrast of the water gradually from day to day. If the cool applica- 
tions are unpleasant, reduce their time to 15 to 30 seconds. 


Massage. — Massage of the feet twice daily, spending u few minutes 
every morning and night, is an excellent tonic. In this massage It fa sell 
to use cold cream, cocoa butter, olive oil, oil of wintergreen or u 
analgesic ointment such as the following: 


B OH jtauJthCTtar 
Aekii u&cy&d 
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.j,^°u n0t H? *Ua, but uw a deep rotatory movement of the 
thumbs and fingers. 


Hot Applications. — Hot applications, consisting of ftand diess- 
ngs wrung out of a hot saturated solution of magnesium sulphate, 
arc of value in relieving the ordinary painful foot 


snfd^^rf , U3 ? e tOT ' ; but arcl «s methods on tbc part of the 
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BUNIONS 

When the bursa of the big-toe joint is inflamed, It is called a bunion 
and corresponds with housemaids’ knee. Hallux valgus is the term 
applied to the outward deviation of the big toe. WTieo a bunion occurs 
in the region of the fifth toe, it is called a “bunionette.” There are 
other conditions of importance in the region of the big toe; vix., rigid 
big-toe joint, rhe uma tic or gouty joint and sesamoiditis or inflammation 
of one or both small bones under the joint. 

hamster toes 

Hammer toes are deformities that are inherited or acquired. Such 
a toe is often the site of a com. Overriding and underriding toes 
may often be trained to grow Into normal position by simple adhesive 
strapping. Occasionally a toe Is so long or so deformed that a surgeon 
should be consulted as to the proper measure to be taken regarding it. 

PAINFUL HEELS 

Pain in the heel may be due to a bony spur on its under surface 
or back, or to bursitis or chilblains in this region. Very often in the 
two latter cases it is necessary to remove the counter of the shoe, but 
frequently elevation of the heel in the shoe will afford relief. 

For ord in ary infections of the foot — as a temporary measure — a 
hot saturated Epsom-salt solution applied continuously in the form of 
wet applications, with considerable elevation of the foot, will be of 
much value. 

Concerning the care of the feet at various periods of life, I wish 
to say: 


1. The infant’s foot: If there is no deformity, care of the infant’s 
foot consists of bathing and the application of a dusting powder. If 
there is a clubfoot, do not wait until the child is a year old, but have 
treatment started immediately, even during the first day of life. 

2. The young child’s foot: It is important that the baby’s stockings 
and shoes fit properly. Fat babies should not be encouraged to stand 
too early, as there is danger of causing bowlegs or knock knees. Stiff- 
ankle shoes, that is, shoes reenforced with molded leather, are of value 
In some cases of weak feet. Babies should wear white stockings, but 
care should be taken to prevent the shrinking of the stockings from 
frequent washing, as too tight a sock causes foot-compression and 
produces injurious results. 

3. Care of the feet of the adolescent boy or girl: From infancy to 
maturity, proper and abundant exercise of the foot muscles, especially 
those of the arches, is of the highest importance. One should not wait 
tm the arch is weak, but should aim to strengthen it early and to keep 
it strong. In baying shoes for adolescents, especially when their feet 
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Contrast baths, although not so convenient, are of distinct value in 
Improving the circulation of the soft tissues of the foot and kg. To 
take a contrast bath, obtain two buckets, each large enough to contain 
both feet. Fill one bucket about two-thirds full of warm water, and the 
other about two-thirds full of cool water. Sit alongside of the bucket*. 
Place both feet In the warm water for exactly one minute. Remove feet 
and place In the cool water for exactly one minute. Alternate in this 
manner for ten minutes, i.e., five minutes In each bucket. Increase the 
contrast of the water gradually from day to day. If the cool applica- 
tions are unpleasant, reduce their lime to 15 to 30 seconds. 


Massage. — Massage of the feet twice dally, spending a few minutes 
every morning and night, is an excellent tonic. In this massage It is well 
to use cold cream, cocoa butter, olive oil, oil of wintergreen or an 
analgesic ointment such as the following: 

B Old gnultbertxe 
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no ^ the skin, but use a deep rotatory movement of the 
thumbs and fingers. 

. applications. — Hot applications, consisting of flannel dress- 

gs wrung out of a hot saturated solution of magnesium sulphate, 
are of value m relieving the ordinary painful foot 

orEf??* For yuung girl’s foot there Is no exerase of 

rnS for , Ue **^0 ordmar y ballet dancing, if properly taught. It b 
fnH f k 6 * ^ or entire body in developing balance, pobe 

tODe; but methods 011 &e P art °\ £ 

mmintr teacher may cause arches to break down instead of be- 
tbe are nf ^ oe ^ nc ing should not be begun, as a rule, before 
overdone mav BaIIroom dancing Is excellent exercise, but If 
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because it provides a point of attachment for the Achilles tendon and 
fa mishe s the initial bearing surface of the foot as It strikes the ground 
in walking. 

When a foot is in action, it is supported chiefly by muscles, but 
when standing, chiefly by ligaments. 

Foot Posture. — Normally, a plumb line dropped from the middle 
of the kneecap falls through the middle of the tibia, the middle of the 
ankle joint and a point between the roots of the first and second toes. 
It a plumb line is dropped from the middle of the back of the knee, It 
should be parallel with and bisect the heel tendon. 

Footprints may reveal a high or a low arch, but they are not of as 
much practical value as is often supposed. 
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are growing very rapidly or when the feet are unusually long and 
narrow, care should be taken to see that they are fitted property. 

4. The adult : In the care of the adult foot, a erases, massage aod 
contrast baths are Important Here proper fitting is necessary. The 
fluoroscope, which is in fairly common use at present, is of great 
value in obtaining proper-fitting shoes. The most important measure- 
ment is from the tip of the heel to the middle of the blg-toe joint 

5. The foot of a pregnant teaman must at all times be properly 
supported, because during this period there is a tendency to a rdaia- 
tion of the supporting structures due, firet, to the altered metabolism 
and secondly, to the increased weight her feet are required to carry. 
She must not go around the house barefoot or in bedroom slippers. 
Her feet should be exercised and massaged twice daily. 

6. In old age , frequent elevation of the feet and legs la a valuable 
aid to the circulation of the lower extremities. This treatment is useful 
for any one past middle life. It may be followed to advantage for an 
hour every morning and afternoon. 

7. Dvrmg and after an infection, such as tonsillltia, influenxa, scarlet 
fever and the like, bedroom slippers should be avoided; great care 
must be taken to prevent the relaxation of the supporting structures 
of the foot, due to the toxemia or poison resulting from the infection. 

Under the term “occupational foot conditions,” we have the foot- 
troubles of the dentist, policeman, iceman, barber, waitress, nurse, 
orderly, chauffeur, dancer and soldier. The peculiar circumstances that 
cause these disturbances cannot be enlarged upon here, but their treat- 
ment comes under the general rules laid down In this chapter. 

Sta ndin g causes more strain on the arches than walking, because 
furnishes no interval of relief from weight-bearing. Many persons can 
walk miles without tiring but suffer considerably if compelled to stand 
in a street car or elevated train for thirty minutes. 


Phyaioiogy of the Foot— The physiology of the foot consists 
chiefly of the mechanics of a member whose function is twofold: ftrrt, 
wdght-bearing, and second, flexible locomotion. 

Normally^ a plumb line dropped from the middle of the kneecap 
through the middle of the mortise-bone of the ankle and through 
a point between the bases of the flrst and second toes. This Is known as 
ij^“ gh , t "v aring Une - In a normal foot, a line drawn through the 
middle of the great toe and continued backward passes through « 
central point In the heel. 

Two bones of greet Importance are the astragalus and os cakb- 
k Important because it is the mortise-bone between the leg 
1116 estragalus articulates with the tibia, fibula, scaphoid 
' '■> three places; It cannot move Itself b«a«« 
It is subjected to more soperfneumben 
weight than any other bone in the body. The os calds is important 
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the inner surface (the tibials) are stretched and lose some of their 
power. It is a physiologic law that when a normal tendon is over* 
stretched It loses power and, when allowed to contract, it promptly 
does so, thereby usually gaining in strength. There is gaping of the 



F®. ti. — High degree of prooxtlcm or lit feet. Note large eio«to*e» of the Ant 
metxUrml heath with bonfon* xrx! hxllm vxlrn*. 


hones on the inner border of the foot and compression of the bones on 
the outer border. 

Careful examination often reveals that the general muscular condi- 
tion of a child suffering from flatfoot is below par; there may be a 
PeneraUzcd muscle weakness. Knock knees are more common thqn 
bowlegs. A round back is frequently present. The mother says the 
£hhd is awkward, that it does not walk properly and that the ankle 
hones protrude. There seems to be a bone displaced; the ankles “inter- 
fere,” and the child complains of early fatigue, has “weak ankles” 
&nd runs the shoes over unnaturally. The child does not want to run 
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The subject of flatfoot can be discussed under flatfoot in children, 
in infants and in adults. The early treatment is very important and it 
‘ flC ^ cs res(: t support, supination, exercises, massage, contrast sprays, 
modification of the shoes and inserts In the shoes. Many operations 
haw been devised for the correction of flatfoot. inducting those of 
Perthes, Gleich, Lord, Miller, Clark and Hoke. 

The subject of flatfoot among infants and children is becoming 
more and more important. The defect has not been given proper 
consideration. Heredity is undoubtedly a very important factor in 
causing this mai formation, and in my experience the paternal parent 
is usually the one involved. The various periods at which feet should 
be inspected are: at birth, six months, one year, two years, three yean, 
four years and adolescence. Naturally, one would antidpate more 
anatomic deviation of this kind in the negro, but it does not appear 
that the disability or discomfort is more common in that race. Certain 
disturbances in intra-uterine life might explain some cases; for in- 
stance, unusual foot-position of the embryo might cause It, Any cm- 
dition causing weakened musculature may produce flatfoot I have 

had cases following diphtheria. 

** a type of weak, promoted or flatfoot that appears 

cotoddent with adolescence, in long, slender, rapidly growing feet, 
in girls. Focal infection, such as tonsillitis, may cause flat- 
toot by a toxic relaxation of the supporting structures, unprotected 
by proper prophylactic measures. These infections might cause a toxic 
arthritis or rheumatism, with resulting rigid flatfoot deformity. Such 
ensnare quite resistant to treatment. 

Ubesity causes flatfoot in two ways: first, by the strain of sn tx- 
? tiscrc usually a disproportion ’between the weight to 
^ IT T\ and J[ tl * 81x6 **& of the feet and lower legs; second, 

oy glandular disturbances such as are most likely to be seen in over- 
y I hayt arsd & vh - Knock knees are often found in these children. 
™ 1 S li TT, may a ^foot. Infantile paralysis is a frequent 

anH r»rw»i~ "J*? ^ «v«e mechanical effects on muscles, ligaments 
and capsules of the joints and bones. 

F^tioot.-One of (ho mechanic* 1 
5 fmmd to be the Inward and downward roUtim 
o Z * “* il “‘ *>“*• * the lateral aUadn^t 

ennae or the effect of the n^' 

ton^ bSte th ! toortfae-bone la tilted medially, carrying the 

«Te‘&, OU ‘ CT “ ^ the weight .trike, a gUndng 
on tSTkf bkra \^ Ied «oicaliy this is injurious. The peroneal 
tendons on the outer surf*c* of the ]tg 8nd ank , c contracL Those on 



Flatfoot and Its Correction 


39 

correct other conditions such as knock knees or bowlegs. The means 
to these ends include proper shoes, exercises, massage, contrast foot- 
baths, resilient pads, plaster-of-paris casts and operation. 

The child should be taught to walk with the feet parallel or 
todng-ta slightly. It should come down on its heels, tilt Us weight to 
the outer borders of the feet and come up on the toes with a spring. 



f Jo. IJ. — HJnjtrttfaf farter and ootef border vaHrewoU of H. O. Tbomo 
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Snoss. — Only In extreme cases will it be necessary to have the shoe 
toade to order; but it should be a well-fitted lace-shoe. The writer 
always recommends shoes that come up around the ankle; but many 
good orthopedic surgeons recommend low shoes as giving more free- 
dom to the ankles. Some authorities permit low shoes for healthy or 
rmly slightly weakened feet. The most important measurement is from 
the hack of the heel to the middle of the big-toe joint, which should be 
opposite the point at which the shank joins the ball of the sole. Next, 
the shoe most grasp the heel of the wearer; it must not be too wide 
at the heel and through the shank, and should allow for the growth 
D foot- The use of a fluoTOScope in fitting shoes is of great value. 

Flexible-shank shoes are indicated when the patient needs only 
exertije; but most of the patients brought to the orthopedic surgeon 
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and play. Pain is usually absent because the foot Is flexible; but If 
rheumatism should develop, decreasing flexibility, a rigid flatfoot would 
.result In a disabling deformity. 

On viewing the child from the front, one sees the flattening of the 
arch and the outward deviation of the fore part of the foot A plumb 
line dropped from the middle of the patella falls inside the normal 
point A rear view reveals the medfalward curving of the bed tendcc. 
A plumb line dropped from the middle of the popliteal space Is not 
parallel with the heel tendon. The heel Is flattened and rotated, In usrt 
cases producing the “heel of the ape." The prominence of the region 
Just below and in front of the inner ankle bone (the scaphoid) resem- 



bles another ankle bone. It is possible to have a flatfoot on one side 
and a clubfoot on the other. 

The value of footprints has been overestimated from the viewpoint 
°I t du, f 10 ^ s and of Peeress- The print of the new-born infant to 
misleading In that it usually looks flat. As a matter of fact, the foot of 
Q Mf C # W V^?vi DfQn , 1 ' CTO «-sectioned, will reveal a definite bony ■*“ 
obliterated by a f*t pad. One may find a foot with a high arch but la 
a position of strain. 

' I T MV ' rin S from flatfoot are very good, ‘f'l*”®", 5 
; bc P=Uem. parrot or governess carries out the treaUW 11 ' 
In tbc rigid type the duration of treatment may be long. 


In obfw;vr ' of treatment ore to teach prcfxr «•* 

1 jljSSi pOTr " of lhe supporting structures, to stlm° bl '. 1 ^ 
local circulation, to correct Ihe flat\ro[ng rod restore the arch, •»> n> 
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quite satisfactory for preliminary wear. It may be discontinued when 
the feet improve in strength. 

The modification of the shoe consists chiefly in .the application of a 
Thomas heel, a method devised many years ago by an orthopedic 
surgeon of Liverpool, and one that has been altered at times but never 
improved. Each child must be measured for this heeL There are four 
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need both exercise and support, and the latter-need is not supplied 
except by a rigid or semirigid shank. The problem is like that of brtp- 
Ing a bridge from sagging in the middle. The insertion of * cor- 
rugated metal shank changes a flexible-shank shoe into one that h 
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dimensions: the inner border height, the outer border height, the 
Inner border length and the outer border length. The imitations so fre- 
quently seen of this heel are very poor. The function of the heel is 
to compel the child to walk over dtte outer border of the foot, and 
when properly made It forces his ankle into the correct position. Re- 
enforced uppers for “creak ankles” are used occasionally as a tem- 
porary' measure. It is important that the leather reenforcement be 
carefully molded over the ankle bones, or pressure-areas will result. 

Gymnasium shoes should be worn for gymnasium use only. They 
should Incl ude the ankle and have resilient pads Inserted. Ballet 
slippers should not be worn except while dancing. They, too, can be 
padded. 

The child must not go barefoot except in the sand or in soft ground. 
During convalescence from any illness, it is very important that the 
child’s feet be supported at all times during weight-bearing, because 
it is a period of relaxation of the supporting structures of the arch. 
One should never permit bedroom slippers to be worn. 

Exercises to Correct Flattoot. — Exercises are the most im- 
portant factor in the treatment. They are active and resistive, and 
should be carried out twice daily in bare or In stockinged feet Exer- 
cises must be done slowly, and the feet should never be allowed to 
"coroe down with a bang.” A great many special exercises haw been 
described. Some of the most valuable are these: 

1. Stand barefoot with the feet parallel and about two inches apart, 
straddling a seam or a line in a rug. On the count of i, force the 
feet apart without actually allowing them to move apart, thus throwing 
the weight on their outer borders; on the count of 2, allow them to roll 
in slowly but not all the way. This is repeated ten times at first, with a 
gradual dally Increase that may run up to 100. 

2. Same as number 1, except that the two big toes are held to- 
gether and on the floor. 

3. Straddling a seam in the rug or a line on the floor, walk across 
the room with all the weight on the outer borders of the feet and the 
toes curled downward and inward. Make the round trip five times. 

4. This Is the same as number 3, except that one raises one foot so 
that it is opposite the other knee and walks across the room In that 
way, using the so-called ‘‘ostrich-step.*’ Weight must at all times be 
borne on the outer border of the foot. 

5 - The feet are held parallel, and the knees are maintained in a 
riraight position. The knees are then rolled outward, which auto- 
matically causes the longitudinal arches to rise (Lowman). This is re- 
peated from 10 to 25 times. 

6. Rise on the toes, tilt the weight to the outer borders and come 

down in two counts. This should be done from 10 to 25 times. 
h 7 'i a supinatjon board about slx Niches high and eight feet long 
lt5 sloping sides being at the angle of an Isosceles triangle. The child 
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io. Older children and adults can perform this exercise as follows: 
The left foot is turned inward and upward and held in that position, 
firmly. The right foot is placed against the left and attempts to force 
the left outward, which effort the left foot resists. Then the relation of 
feet to each other Is reversed. After each of these exercises the subject 
relaxes his feet. 



for ttrrtcMii* the A chill a tcsdoni. (Lewtn, J A3I-A, S8, 
April 9 , XQJ7-) 


Stxetchtno the Heel Tendon. — The following are a few special 
for stretching the Achilles tendon: 


1. Simply walking on the heels across the room five times. 

2. From the standing position with the feet parallel, the patient 
JJFifts down to the position of sitting on the heels, maintaining the 
Mfl# 111x1 toe * °n the ground. This is done In two counts. 
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walks the length of the board three or four limes ns one would walk 
on the ridge of a housetop. 

8. The subject Is seated on a chair with legs crowed, so that the 
raised foot can relax. lie then holds the foot at right angles with the 
leg and not turned In or out. The cxerdse Is done In four counts. 
On the count of i, the foot Is allowed to relax Into the position of 
toe drop. On the count of j, It Is swung In; on the count of 3, H Is 
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forcibly pulled upward; and on the count of 4, It is brought back to 
the starting position, describing a half-circle. This Is performed 10 
times at first and may gradually be increased to 35 times. 

9. This is a resistive exercise. The subject sits on a table, * 
second person sits on a chair. The subject forcibly swings his torn 
Inward and upward and bolds it in this position with all his power- 
The second person attempts to swing the foot outward and downward- 
This effort on the part of the second person is resisted by the subject. 
The exercise is carried out from 10 to 35 times. At no time should toe 
second person use as much power as the first 
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in the foot; therefore, very little space is required. They are Inserted 
directly into the shoes and held by means of a special glue. 

A Goldthwait figure-of-eight leather ankle strap is of some value. 
Adhesive strapping is often beneficial, especially for Injured feet. 
Plaster of pans is necessary in some cases and is usually better than 
braces for short periods. Some orthopedic surgeons recommend plaster 
over comparatively long periods, in an attempt to cause a certain 
degree of rigidity or stiffness in an overcorrected position. Braces may 
be required. 

Operation is rarely indicated, except for rigid flat feet, in which 
type forcible manipulation under anesthesia and the application of a 
corrective plaster cast are of great value. Occasionally the tendons 
must be operated upon. Lengthening of the heel tendon is necessary 
jn so-called “muscle-bound” feet, because patients suffering from this 
condition are unable to perform the exerdses properly, owing to the 
structural shortening of the tendon. 

Other operations ore those performed on the bones and tendons. 

DISTURBANCES OF THE METATARSAL ARCH 

The subject of metatarsal-arch disturbances — popularly known as 
one type of “fallen arches” — is attaining the Increasing importance 
It deserves. For a long period It was a general conception that nearly 
every condition occurring in this region was a “Morton’s toe.” The 
term metatarsalgia, meaning pain in this region, designates a symptom 
and does not fully describe the condition. 

The metatarsophalangeal joints are simple ball-and-socket joints. 
Like other joints, therefore, they are subject to stress, strain, injury, 
growth disturbance and Infection. The muscles and tendons of this 
region are important. 

The skin of the plantar surface of this area is unusually thick. 
The chief functions of the metatarsal regions are to afford stability 
in locomotion, to permit spring and resilience to the step and to relieve 
Jars on the body, especially on the spine and the central nervous 
*y 3 tem. The transverse arch is highest near the midportion of the foot 
*nd gradually lowers toward the metatarsal heads. Considered from 
the mechanical point of view, the metatarsal arch is curved in two 
directions, laterally and from front to back. What Is usually referred 
to as the metatarsal arch is that structure formed by the metatarsal 
heads and is the true transverse arch. This mechanical structure pro- 
tects the nerves, vessels, muscles, tendons and ligaments of the sole 
°* the foot from injury. 

The transverse arch is maintained chiefly by the transversely 
erected ligaments. When the transverse arch Is properly maintained 
anterior pillar of the longitudinal arch rests on the beads of the 
onlk. f0Urth roctataraal bon « <»ly; that of the fifth also presses 
on ground In many cases, especially when more weight is borne on 
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J. The patient stands fadng the wall with the toes rS lnd “ 

It. The toes arc placed together and the heels as lor “P 3 * “ 

With the hands placed against the troll and the beds remrihtajw™ 
floor, the entire rigid body Is allowed to tab Inward as far as 
by bending the elbows, and to remain In this posHlon a few 
before returning to the starting position. This Is done In two counts, 

each about ten times. t»Jmc<l 

4. The apparatus for this cicrdse consists of two bandlB»t^« 
to the trail and a heavy wooden block 3'/, Indies high, « 1 „ 

and 7 Inches In depth, fastened to the floor. The P 3 "®,. . ^ 
standing tvlth the anterior portions of both feet m the b < ^ 
Ing on to the handles. On the count of 1, the heels art ed 
the floor, the body bring kept parallel srith the m "' h 

of 2, the return Is made to the starting 

carried out from to to so times, this number being , ta [ r; 

5. The patient stands with the anterior hall of each , (n 

facing upward and holding the balustrade, and al °' v5 
drop. He then returns to the starting position. 

Othik Exebciseb. — Ballet dandng Is excellent c* 3 ™* ** 5 Xal 
the foot-training, although much of It is very hard on ^ 

arch at first. There are, Indeed, some ‘MU™ l£, t out- 

mental until their feet have been strengthened by the trea ^ 
lined here. Ballet dandng may be started at the age (8of 

toe-dancing should not be started, as a rule, before the ge 


10 years. jq 

Swimming Is vety good exercise. Roller-skating also is ’ nreca 0- 
Is ice-skating, but both may be harmful at first unless proper 
tions are taken. The child should wear a wide flgure-of-eig 
or le a ther strap outside of the shoe. Kiddy-cars may he 
under certain circumstances. , ~ jMqt 

M a s sa g e of the feet and legs should be given twice d~v> .(ory. 
olive ofi or cocoa butter. The movement should be deep ana 
In the case of painful feet In older children, an anodyne 
should be used. Contrast foot bathing should be prescribed 10 
children. , n 

Support for the longjt mHnal arch is obtained by means 0 ^ 

rubber pads. These afford a resilient support and thereby ^J' reJU fL 0S e 
spring of the gait. They are preferable to rigid supports, sW®*® 
made of metal, celluloid or leather. Metal arch-supports proven 
supporting structures from growing stronger. K __ us£ 

I have long since discontinued the use of leather Insoles, i* 0 * 
they confuse the shoe-fitter, who cannot judge accurately 
of space to be allowed. He should be Instructed to fit the 
rately without allowing for anything. The pads go Into natoral hou 



Disturbance* of Metatarsal Arch 


6ia*t«r in 4 Q 
voi»»* nJ ^ 

proper shoes and incorrect shoe-fitting. Short stockings and the pulling 
of stocking* too tightly are additional factors. Heredity may be im- 
portant, especially in the rheumatic and “high Instep” pes cavus cases. 



Fro 35 — Modlfi cmd o n of dxy for carrrctloc of anterior arch drpre*iotL A, Kile of a 
proper wtlktoj-ahoe. B, poatiloa of leather metatanal bar, M Inch thleL and i Inch wide. 
C, poahiou of metatanal crracent and relation to headi of metaUmla. 



Fix j6. — Ddaj a felt pad for a de pi t a e d mrtataraal art±. A, poaftion of beve l ed pad 
with relation to metatarsal arch. B, position of pad In iboe. 



Fkl 37. — -Towel rwrdie for metatanal arch dbturbance. 
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the foot. If the transverse nrch yields, the heads of the intervening 
metatarsal bones receive undue pressure nnd callosities develop under 
them. When the muscles of this region ore paralyzed or weakened, 
the toes assume n position of “clatrloc” and the normal gait a Inter- 
fered with. Conversely, if the toes arc forced to assume a position of 




Fia. A. normal portion of nv Uta ml hradi tod , K * ) , ro ^, 
ptmri mrtafirui arch. C, dfjnr»fon of fourth mrtatanal brad, mth P**** 1 
cmfkMily. 



Fm. M- — Dotrr-rtop rewrite for metiUml arch wt*Vne». 

clavring by any agent, such as improper shoes, these two 'I 

muscles are unable to function properly, and the unopposed aeu^ 
of other muscles aggravates the clawing and forces the metar*^' 
heads to assume a depressed position. 

Cause* of Depressed Metatarsal Arch.— Metatarsal disturb* 1 ^ 
are due to various causes. Comparatively Infrequent In childhood. ^ 
are very common In adults. Women suffer from them more often 
men, undoubtedly because they are so frequently the victims ol ** 
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cation of an anodyne lotion, Is used in conjunction with hot applica- 
tions and elevation of the feet 

Shoes most be of straight last, round toe, medium-width shank and 
moderate-height heeL The shank should be rigid if there is an accom- 
panying disturbance of the longitudinal arch. The fitting of the shoe is 
very important Even custom-made shoes are often too short The 
shoe may be modified by the addition or insertion of a metatarsal bar 



Fm. j8j — M etitm] r-btfl c band. 


or, preferably, a crescent Into the shoe there should be Inserted a felt 
pad properly shaped and beveled to support the depressed structures. 
This pad may be applied directly to the foot temporarily, secured by 
means, of a resinous glue and strips of adhesive plaster or by means 
of a simple elastic metatarsal cuff, which in itself has some value in 
supporting the arch laterally. A laced leather cuff is preferred by some 
orthopedic surgeons. An adhesive compression band often affords con- 
siderable temporary relief. 

The felt pad is usually Inserted directly Into the shoe, being secured 
by means of glue. An insole Is not essential. Because it is not physio- 
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“use Of melatarsalgfa. Inftttims of 
*?’ ‘P*? contribute n fair share of these cases. The Medion 
"PL"? i I 00 '*’ such M Reeled teeth, tonsHs, sinuses sod, 

oWorafaaf or pelvic organs. Tosemla, as from pregnant or from to 
inch',! ,U | Ch “ fn(,u ena, Is a rausallve factor. Static dUturhaocn, 
“ prolonged standing on hard floors, predispose to arch trouUo. 
j nes of varlhus sorts arc very Important, such as the sprain or 
strain wen fit the chauffeur’s foot or In the dancer’s foot, especially 
. ' n J u ry f rom shoes has been mentioned Injury 

or stepped on by another person or by id 
mnl may cause mctatarwlgia. I have seen a nuree who devekped 
tatarsalgfa following the accidental shooting off of aU her loo, 1 
wave ttla° seen a physician who had metatarsalgia following * ttjtik 
infection of the metatarsal region as a result of the piercing of bh 
shoe by an Infected knife which dropped during an operation. Fr*c- 
tures dislocations and bums, both by heat and by chemicals, may 
result fn mctatarsalgia; the same fs true of a "high Instep," sometimes 
ppeanng at puberty; disturbances of the circulation; frost-bite, cbfl- 
blahs, trench foot, and soft corns. 

, J7 , ere fs depression or inversion of the arch, which normally b 
' 11115 P roducc * pressure on the nerves and relaxation of 

fnitri».^!!!?e%. stpuc * l,rc *' " fnrta and soft corns (usually between the 
fourth and fifth toes) are common. 

symptoms of metatarsal arch disturbances art 
times » spasm of the muscles and contracture o( 
Inv*»r<Un J 1 ^ condition* of metatarsal depression are the 

usuatlv A it. callus formation, sensitiveness and tenderness, 

another !° P^osUtls. Every schoolboy knows that if be can grasp 
sion he ^ d^ess the knuckles and wert lateral compres- 

raeutarmi ana ^°S 0u 3 situation Is found In a depressed 

a) th are usually not necessary in making a diagnosis, 

deskable - They reveal the depression on 
fifth metatarsn| a fe-?\' 7 bunions, "bunfonettes” (overgrowth of the 

BcaamoIdsSStt^Sg^Sj^ POsJUon and tate8rity of ^ ^ 

o/fh^ w ttCnt '^ Tbc resu ^ °f treatment depends on the 
the usual tvoe nf Die course is often long. T be treatment (d 

the latter bdn c ““slat* of local and general measures 

metabolic bvtfenl? 00 ^ fod of “lection and the correctfon of 
consists of Sr L“ d , J'" 110 disturbances. Tie local treslmen^ 

« Irritation, proper shoes and 

“^^°' 0g ' C r “ 10ratI ” 0 ° ! P “ W ' 
from 'fm*ht-beai^ U ^ t !?; may ** occomplisbed by rest and re®jj 
*• In severe cases, rest in bed, with the ^ 
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they are screwed into a board about 14 inches long, 8 Inches wide and 
2 inches thick. The centers of the door-3tops should be 6 inches apart 

The board is placed on the floor, and the patient sits on a chair in 
front of it Each foot is placed on a door-stop with very slight pressure 
just behind the metatarsal bones. On the count of 1 the toes are 
forcibly curled down, and on the count of 2 they are allowed to relax 
slowly. This is continued until one has counted 200. (This number 
should be attained gradually.) 

Towel Exercise . — The patient sits in a chair. A large hand-towel Is 
spread on the carpet, with the narrow edge facing the patient Both 
feet are placed on the towel so that half of each foot is on the towel. 
The towel is grasped with the toes of one foot, then with the toes of 
the other. As the toes of one foot grasp, those of the other foot relax. 
This is continued until the entire towel is under the feet 

Golf-ball Exercise . — A golf-ball is placed on the rug and rolled under 
the metatarsal arch for one minute. Then it is picked up with the toes 
of one foot and placed under the toes of the other foot, and the exer- 
cise is repeated for another minute. The patient alternates in this 
manner six times. 

Marble Exercise . — Marbles of various sixes are placed on a rug. 
The patient sits In a chair and picks up marbles with her toes. 

Pencil Exercise . — A round pencil is placed on a hard floor, and, by 
means of the curled down toes, the patient pushes and pulls the pendl 
around the floor with short, quick movements. 


Abch-buppoets. — There has been much discussion concerning metal 
arch-supports. It is the writer’s belief, based on some years’ experi- 
ence, that metal arch-supports, because they act as props or crutches, 
are of doubtful value. While they brace or hold up an arch, they do 
not Increase the power of the supporting structures of the arch; in 
fact, the effect produced is generally one of weakening, and they are 
therefore not recommended. Arches can be held up by resilient ma- 
terial wh&h not only supports but tends to increase the strength of 
the supporting structures of the feet. 

Diathermy, negative galvanism and sinusoidal current are helpful 
adjuvants In the treatment of metatarsalgia. Plaster-of-paris casts are 
frequently required. Less frequently is operation necessary. 

Among the allied conditions found are profuse perspiration, ring- 
worm, hard and soft corns, calluses, warts, bunions, “bunionettes,” 
hammer toes, contracted tendons, circulatory disturbances and a stiff 
big toe. 


ANKLE SPRAINS 

A sprain is a stretching or tearing of the muscles, tendons, ligaments 
nr capsule of the joint. A fracture is a break of a bone. There is a 
wying that a sprain is worse than a broken bone. This is untrue, 
auny sprains, however, are improperly treated because the roentgen- 



(ISKiV Deformities and Disabilities of Extremities 

lofpcnlly correct to compress the delicate foot muscles between lie 
rigid bones above and a rigid object below, I prncllcally never me a 
metal plalc to support a depressed metatarsal arch, depending entirety 
on the resilient support of the fell pad. The patient’s bose shoald be 
long enough and must not be drawn too lightly. Massage of the feet 
twice daily with a t>pcctal ointment b very valuable. Contrast foot- 
baths afford the feet a very valuable Ionic, 


*troe5ri*oi B * d 10 P^ ora3in * ofidm to rtrwottbrt tbc *>fP°*J* 

,° r «th. A, tbe door-*top W. * 

Exercisf^ .—Special exercises are of the greatest vah* 
*5 VT'*™ 1 ? ^ P°ww Q f the supporting structures and the 
of Xbe H^tateraal arch. Numerous exercises have been described and 
recommended. TJe following have been found of much value. Each 
exercise is done with the bare feet twice daily: 

old-fashioned door-stops, obtainable s 
the hardware section of one of the 5-and-ro-cent stores, are 
for use by removal of the rubber tips with a pelr of nlpperv Then 




Hollow Foot 
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There Is still a divergence of opinion concerning the immediate treat- 
ment of a sprained ankle. The following is a good routine: 

i. Give It absolute freedom from bearing weight, 
a. Elevate the entire limb. 

3. Apply a snug gauie bandage over sheet-wadding or cotton. 

4. Apply ice bags. 

5. Have a roentgenogram made and strap the ankle with adhesive 
or, if the sprain is severe, apply a plaster-of-paris cast. 
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ogrnm doc not reveal a fracture or dlMocstlorr, Jhe t«dl|j^g 

then become serious from lack of sufficient attention. 

best treatment for a sprain Is the application of a ibuter >o 

for a few days, combined with the elevation of the foot and leg, tb® 

the application of a firm adhesive strapping. After seven to 






Fio. 40/ — AtCtnirc ilr*pfJn* for nuFlc- 

day* an elastic aoglet or resilient bandage U worn. & 

morning and evening lor massage and contrast baths. If < “\L velTtC BU 
radiant beat can be given, it will hasten recovery. Passive mo , , 
of the joints by a second person and active movements but ^ 

bearing by the patient are very Important and should be cameu 
within the limit of pain. 




Fua. 4j, — Bank**, halhri valjo* and flat f«t. 
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Hallux Valgus 


Ci.pt*r ill rn 

v*tan nJ 



and determine tlie amount of blood going to the tissues. They are not 
under the control of the individual. They are affected by such poisons 
as alcohol, tobacco, lead, arsenic and infections. 

RIGID TOE JOINT 

Hallux rigldus, or rigid big-toe joint, whether of the flexed or the 
straight variety, may be relieved by tbe insertion of a thin strip of 
steel the entire length of the sole of the Bhoe, in order to prevent 
movement at the big-toe joint. True gout is not seen very often at 
present, but there is a very definite rheumatic condition occurring in 
the region of the big-toe joint that Is either caused or aggravated by 
disturbances of metabolism, especially the metabolism of meat, fish and 
eggs. Sesamoiditis is a painful condition involving the under surface 
ol the blg-toe joint. The sesamolds in the tendons are subject to much 
stress and strain, especially in stepping or jumping from a height or 
in dancing. Often the roentgenogram will reveal a division of a 
sesamoid resembling fracture. Many of these are developmental pecu- 
liarities which are especially susceptible to injury. Usually relief from 
wight-bearing affords comfort, but occasionally removal of the bone 
is necessary. 

HALLUX VALOUS 

Bunions are due to bursitis, or Inflammation of the bursal sac, In the 
region of the big-toe joint. Hallux valgus is tbe outward deviation of 
the big toe with the formation of an overgrowth of bone (exostosis) at 
the big-toe joint. The chief causes are heredity, short or pointed shoes 
short stockings, infection or injury. Tbe most important prophylactic! 
or preventive, measure Is proper shoes and shoe-fitting from infancy 
to oid age. J 
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6. Crutches should be used. 

7. The foot should not hang down for long periods. The guMes, fn 
this respect, ore swelling, blueness nnd pain. 

The nrtcries of the limbs have sympathetic nerves In their *alls- 
These nerves control (he size of the openings to the smaller vessels 


Calcaneal Spurs 
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HOLLOW FOOT 

Pea cavus, or hollow foot, is an exaggeration of the longitudinal arch 
with depression of the metatarsal arch. There is usually limitation 
of donifleodoa. 

Heredity is an important factor. I have seen three members of one 
family with this deformity. High-beel shoes, excessive use of the calf 
muscles (sometimes seen in dancers), infantile paralysis, neuritis in 
childhood, gout, rheumatism, Injury and habitual posture of the foot, 
such as is seen in compensation for a short li mb , are other factors in 
causing this condition. 

CALCANEAL SPUES 

Etiology. — It la the customary teaching that all calcaneal spurs 
are gonorrheal in origin. This is grossly wrong. The various factors arrf 
as follows: First, focal infections with the ordinary coed, gonococci 
and spirochetes; second, metabolic disturbances, especially of gastro- 
intestinal and gallbladder origin (I have seen a large number of cases 
in which the metabolic factor either was most important or was an 
dement In the exaggeration of other factors, possibly in the nature 
of a sensitization process); third, trauma, due to injury and improper 
shoes; fourth, static, due to flat feet; and fifth, a pathologic condition 
of the plantar fascia — a short plantar fascia pulling on its attachment 
to the os cal da. 

Anatomy. — The plantar fascia takes its origin from the tuberosity 
of the os cal da . If pressure is applied to this area or If the plantar 
fascia pulls on Its attachment, there will result a slight separation or 
pulling off of the periosteum at this point. Owing to the stimulation 
of trauma or Infection, or both, osteogenesis occurs more actively and 
a vidous cycle Is established, l.e., as the periosteum separates, new 
hone formation occurs and a spur results, due to the proliferation of 
the osteogenic layer of the periosteum. 

Symptoms. — The symptoms are pain, tenderness, swelling and limp. 
The onset is usually gradual except when due to an infection, such 
*s acute arthritis, when it may be very acute. The pain and tenderness 
are usually along the internal lateral border of the os calds or at the 
attachment of the plantar fascia. The roentgenogram may or may not 
reveal a bony spur, depending on the duration of the pathologic con- 
dition and the density of the spur. Many very painful heels are seen, 
roentgenograms of which reveal no spurs. 

Diagnoai*. — The differential diagnosis rests between osteoma, flat- 
foot and arthritis. 

The prognosis of complete relief is good if tbe spur fs 
UK only cause of trouble, ff there fa an arthritis of the foot, removal 
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It is a fairly common condition, occurring usually in boys between the 
ages of nine and thirteen years. The probable cause is concerned with 
two factors: local injury, either external or internal, and local circu- 
latory disturbances affecting the growth center during a critical period 
in its development. The treatment consists of immobilization in plaster 
of pans and relief from weight-bearing, plus general hygienic con- 
siderations. The chances of recovery are excellent 

There may be a history of injury, but the initial causes differ. The 
child might have been r unn ing on hard pavements, wearing sandals 
or tennis shoes. The onset is gradual. A limp is usually the first symp- 
tom, and it may or may not be accompanied by pain. The pain is dull 
and localized to the affected area. It is less marked while shoes with 
heels are worn. Pressure by the shoe aggravates the pain. Swelling 
is present There may be obliteration of the normal outlines, due to 
thickening of the tissues. Signs of acute infection are not prominent 
Tenderness may be present over the posterior portion of the heel for 
weeks or even months. The child does not permit stretching of the heel 
tendon, which accounts for the toe-drop position of the foot. There is 
a disinclination to complete the full step while walking. Flat foot may 
be present 

Roentgenograms made In two directions reveal irregularity of the 
bone with thickening in all directions. Clouding, irregularity or partial 
obliteration of the epiphysial space may be observed. 

Other conditions occurring in this area axe: 

AchiMobitr litis, or inflammation of the bursa between the Achilles 
tendon and the os caicis, reveals a more superficial and localized 
inflammation. Roentgenograms of the bone are normal. 

Tenosynovitis of the Achilles tendon Is characterized by pain re- 
ferred to the tendon and by palpable grating, crepitus or roughness on 
movement. The roentgenogram is negative. 

BuriUis between the heel tendon and the skin b a superficial in- 
flammation, usually the result of pressure by the shoe. 

The prognosis in apophysitis of the os caicis is excellent If proper 
orthopedic treatment is instituted. The duration of the condition may 
vary from a few weeks to several months. The trouble may recur as 
a result of overactivity or injury. 


Treatment — The treatment of apophysitis is simple. The objectives 
are to relieve the Achilles tendon of strain and to prevent weight- 
bearing on the os caicis. The most satisfactory treatment of a severe 
case consists of the application of a plaster-of-paris cast extending 
from the toes to just above the knee, in such a manner as to hold the 
loot In a slight toe drop— thus relaxing the pull of the calf group 
muKles— and the knee slightly bent. Two crutches and a two-inch 
DKlck undCT tbe h «l and sole of the opposite shoe aid in locomotion. 



Deformities and Disabilities of Extremities 


of the spur will not give sufficient relief. Most patients can be made 
comfortable without operation; others nrc not relieved by opentioo. 
There may be recurrence of symptoms and spur formation in tbe nme 
or the opposite foot 

Treatment — Nonoperative. — The ctiologfc factors, tbe residue oj 
a gonococcus Infection, Infected tonsils or teeth, should be treaied " 
they can be found. The gastro-intestlnal condition should be relieved 
possible. Weight-bearing should be discontinued, and bed treatment, 
consisting of the application of an anodyne lotion plus fomentatmra, 
should be given. An excellent anodyne lotion Is described on page '!■ 

Directions for the use of this lotion arc os follows: The entire i lew 
and ankle are covered by four layers of gauze saturated with 
lotion and enclosed in oiled silk or rubber sheeting. Hot fomentat 
*of strips or pads of flannel arc wrung out of hot ^water^atxujt ^ 
layers wrapped around the Impervious layer, and another sheet o 
silk applied. A hot water bag is placed at the side or under *7* j. 
and everything enclosed in n Turkish towel. The foot 
voted. A small amount of lotion is added and the fomenta&ccis 
newed three times daily. 

After nil pain and most of the sensitiveness haw 
plaster-o f -pads casts should be applied. Proper shoes are I* ^ 
after casts have been worn from two to four weeks. Shoes * 
high, laced, of straight last, round toe and medium-width 
at first. Felt pads are inserted in the shoes to relieve weigh 
on painful areas. The heel of the shoe should be entirely «rr>oveo_ 
a low rubber heel substituted. Roentgenotherapy is advocated ^ 
I had a patient who pounded bis heels with the flat side of a 
dally for many months and experienced relief. 

Operative. — Operative treatment consists in the removal 
Operative trauma often stimulates osteogenesis, especially '^-jU^ing 
tive agent Is still operating. The sire of the spur is not the ae 1 
factor. The removal of the spur is accomplished by means o 
or osteotome and mallet. Plaster casts are applied and shoo 
In position for about ten days. 

Postoperative. — Postoperative care consists In the 
weight-bearing by means of proper shoes into which *f c ,_ rv [ m - 
weJght-relleving felt pads. The diet should be considered w 
portant in cases of metabolic disturbance, and these ca f e t > i a fhcrmy 

- a ru ^ e > meat, eggs and fish are contraindicated. 

is beneficial for an accompanying arthritis. 


APOPHYSITIS OP THE CALCLS 


4| of the os calds, first described by Sever, Is an 

tion of tbe cap-like epiphysis of the posterior portion of the 


jnflamma- 
bed bode. 
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Upper Arm* — Conditions of the upper arm are chiefly rapture of 
the biceps tendon, posttraumatic, such as fractures and dislocations, 
rapture of muscle, rupture of tendon, myositis and brachial neuritis. 
The chief measures of value are radiant heat, massage and diathermy. 

Elbow.— Conditions around the elbow that are benefited by physical 
therapy are chiefly arthritis, periarthritis, bursitis, posttraumatic con- 
ditions, such as fracture, dislocation, fracture-dislocation, epiphysial 
separation, rapture of the attachments of the flexor and extensor ten- 
dons. The most valuable measures are rest, radiant heat, massage, dia- 
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This ease should be removed at the end of two weeks and another 
immediately applied, extending from the toes to the garter line, ixMn? 
the fool at a right angle and not turned inward or outward. At the rod 
of four more weeks, this cast should be removed and a high, betd 
shoe, with a three-quarter-inch cork lift for the hed, worn. Weight- 
bearing with the aid of crutches should be carried out for another two 
weeks. Contrast baths, baking or diathermy should be enpbyni 
during this period. 

During the course of treatment, emphasis should be placed upoc 
direct sunlight and proper food. If a glandular disturbance Is preach 
proper treatment should be instituted. 

If the ease is so mild that the foregoing treatment Is not Decess&iy» 
it will be sufficient to elevate the heel, remove the counter of the shoe 
and insert a pad of felt or sponge rubber In the bed. The hed 
be protected by adhesive strapping and the flat foot corrected. Rnw*r 
heels should be worn. 


KNOCK KNEE — BOWLEG 

These conditions are caused most commonly by rickets and ojh« 
nutritional disturbances. Deformity should be prevented If 
If not, it should be corrected. The means of correction Include massage, 
ultraviolet lamp, modifications of the shoes, plastcr-of-paris casu, 
braces and operation. 


Indications for Physical Therapy in Various Regions 

Tie various regions rviil be considered in the foBowing 
Shoulder, upper arm, elbow, forearm, wrist, hand, hip, thigh, / 
leg, ankle, foot. 

Shoulder. — The chief conditions around and in the shoulder 
that are benefited by physical therapy are: (r) arthritis; V 3 ) P~\ 
arthritis; (3) subdeltoid bursitis; (4) calcification in and 
the supraspiaatus tendon; (5} brachial birth palsy; (6) 
and dislocations; the most important being subdeltoid bursitis . 
calcification of the auprasplnaurs tendon, arthritis and P« i * r " rt fl „ 
In arthritis, the tendency is for an adduction deformity with rrsuHiat 
contracture of the subscapularis and pectoralls major tendons. ) 
means of physical therapy these can be prevented and, if thV 
occurred, much can be done to correct the deformity. . , 

The measures which are most valuable are: rest, radiant head 
massage, passive and active movements, manipulation, piaster ao», 
braces and diathermy. 

Physical therapy agents are of value after fractures and 
of the shoulder. One must beware of displacing the fragments W 

fr “S“. ™d displacing bonestn tte case of rUslocs*®. 
producing redlslocation. 
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splinting midway between pronation and supination, local applications 
of heat, very gentle massage and diathermy. Operation is frequently 
required. After fractures of the elbow in children, there is danger of 
myositis ossificans. After dislocations about the elbow, physical therapy 
must be very carefully instituted because of the danger of adhesions 
and stiffness. 

In cases of dislocation of the upper end of the radius with rupture 
of the orbicular ligament, suture of this structure may be required, 
using fascia as a plastic means of reconstructing the ligament. 

Forearm. — Conditions In the. forearm include rupture of muscles or 
tendons, myositis, fibrositis, paralysis of muscles, pro nation contrac- 
ture, Volkmann’s ischemic contracture; posttraumatic, such as frac- 
tures and synostosis. The most valuable physical therapy measures 
are rest, radiant heat, massage, diathermy, and active and passive 
movements. 

Splinting of the forearm, wrist and fingers in cases of Volkmann’s 
paralysis is very important If operation is to be prevented. 

Wrist — The conditions at the wrist which are benefited by physi- 
cal therapy are: arthritis, fracture, dislocation, fracture and disloca- 
tion, epdpbysial separation, fracture and dislocation of the carpal 
bones. The most important fracture is of the scaphoid; the most im- 
portant dislocation Is that of the semilunar. After proper reduction or 
extirpation of the involved structures, physical therapy measures are 
of value, and the most important are rest, radiant beat, massage, dia- 
thermy, active and passive movements. 

Hand. — The important conditions in the hand are contractures of 
the hand, the fingers and thumb, arthritis, posttraumatic, such as 
fracture and dislocation, ischemic contracture and wristdrop. The most 
valuable measures are radiant heat, massage, diathermy, manipula- 
tion, active and passive movements, support, such as braces, plaster 
casts and special splints. 

In case of Dupuytren’s contracture, many of these can be pre- 
vented in the early atiges by splints. If they cannot be prevented, 
operation is indicated. The best operation is that described by Kanavel 
Koch and Mason. 

Hip. — In the hip the most important conditions are flexion con- 
tracture, arthritis, periarthritis and bursitis. 

An adduction deformity may require tenotomy of the adductors, 
in a case of trochanter bursitis — that Is, bursitis in the region of 
tbe great trochanter— rest, local applications, radiant heat and dia- 
thermy are radicated. 

' mPOr, “ t COndiU °“ “ 
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thcrmy, nnd passive and active movements. Unices, splints and casts 
arc of value. Manipulation under anesthesia Is valuable hi cues d 
adhesions. 

Bursitis in the elbow region: There is a condition known c 
tennis elbow, epicondylitis, or radiohumernl bursitis, which Is caused 
by tennis playing and other activities. The treatment includes rest, 




In the thigh, rider’s muscle fa due to irritation, and in some cases 
It is amenable to treatment by rest and very gentle massage. In 
some cases operation Is necessary. 

Knee. — The important conditions In and about the knee In- 
clude: arthritis, internal derangements, external derangements, condi- 
tions affecting tbe bones, muscles, tendons, and ligaments, fibrosltis, 
traumatic synovitis, fractures, dislocations and bursitis. 

For tbe knee conditions, one recommends rest, radiant heat, massage 
and diathermy, which are usually very effective. 
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In semilunar cartilage disturbances, tbe treatment includes manipu- 
lation, with or without anesthesia, retention in a plaster -of-parls cast 
for a few days and physical therapy, including radiant heat and gentle 
rrassage. If the cartilage slips out repeatedly, operation is indicated. 

One of the most Important considerations in most knee conditions 
is: the maintenance of tonicity of the quadriceps muscle by active 
and passive movements, and electrical stimulation. 

The Jones knee cage Is a valuable brace in the ambulatory treatment 
of many conditions. 


L^K-— The important leg conditions arc fractures, myositis, and cir- 
culatory disturbances of the arteries, veins and lymphatics. 
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ankylosis. I have divided the treatment Into six sections: (i) the 
proper care of the original causative condition whether It be arthritis, 
sepsis, a gunshot wound or a fracture through or near a joint; (2) the 
use of physical therapy, especially radiant heat, gentle massage, active 
trxi passive movements and diathermy; (3) proper posture, so that if 
ankylosis supervenes, the joint will be in the best position for future 
use; (4) the proper use of splints, braces and casts — this includes 
adjustable splints, bivalved casts and wedged casts; (5) manipulation 
both by the physical therapist, without anesthesia, after the use of 
radiant heat and gentle massage under warm water, and by the 
orthopedic surgeon, under anesthesia. In the case of manipulation, 
peat care, judgment and past experience are necessary to determine 
whether manipulation under anesthesia is Indicated and to what degree 
It may be reasonably carried out; (6) operation which includes syno- 
vectomy, osteotomy, cheilectomy and arthroplasty. 

The most valuable literature on the subject of stiff joints is that by 
Sir Robert Jones, Henderson, Elmslle, Bristow, Bankart and Fisher. 

Hysterical stiff joints and malingerers stiff joint: 1 saw several 
cases during my army service In the camps in America, where soldiers, 
in an attempt to be released from active duty’, declared they bad a 
stiff knee in flexion or extension, a stiff elbow, a stiff shoulder or stiff 
spine. Under anesthesia the stiffness disappeared entirely, and the 
soldiers were proved to be malingerers. 


The writer is not a physical therapist, but, because a large propor- 
tion of his work Is in the field of arthritis, he has had the opportunity 
of observing, critically, the effects of various physical therapy agents 
and agencies on individuals suffering from various conditions which, 
to the majority of clinical observers, have been, correctly or not, 
included in the term arthritis. 

These conditions ore arthritis, synovitis, neuritis, myositis, fibrositis, 
myofascitis, bursitis, tendonitis, tendovaginitis and gout. 

From the orthopedic point of view, in the treatment of a condition 
like arthritis, where so many remedial agents ore used, it is difficult 
to evaluate the effect of each one. The operator, the apparatus and the 
stage of the disease are variable factors. The patient’s statements are 
of value, although often unconsciously incorrect. 

It is a combination of factors that usually causes arthritis; likewise 
a combination of agents may be necessary to relieve or curt it. 
Physical therapy is an Important adjunct in the treatment. 

,. T? e J dIrcct treatment of n patient with arthritis deformans mav be 
divided Into three divisions, viz,, local, focal and general. 

,, V* Important factor, especially from the patient’s standpoint 
u UK relief from pafn. This must be accomplished. It should be done 
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UTien walkinrr is 5,ra PP in fi °r elastic corapressim. 
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STIFF joints 

articular « J! the two main divisions are extra- 

factors. nV th,Z ? CU J‘ r ' ac,on ■ n ' rc ore local and general 
synovial membrane. * ^ c<ws ^ cred ore primarily the cartHige, 
Tbt cnuw^!£ £*?”? ^ 

or nonosseou* ° 5 J? u ? ua ^3 r adhesions which may be osseous 

surfaces after ‘the ihu a< *hw4ons cause the agglutination of bony 
duces ankylosis Th* lcu ’* r oortiTage has been destroyed. This pro- 
adhesive fibrous iMnH. 0 ^ 05300115 s **^ ness k due to the formation of 

**» the pathology one !*,* vcry ^P 01 ^ 1 factor - 

factors, should consider the primary and secondary 

prominent It mav^bwdh ^ immobility. Pain may or may not be 
daring the period wW ^'’important factor In preventing movement 
occurred, there is luu-n.^ ^ ** becomill S stiff. After ankylosis has 
force. Roentgen oj?ramc £ °P a ^ a unless the ankylosis Is dlstarbed by 
complete ankylosis i* nr~ vcry deceptive In determining whether 
indicated complete ° r not * * have M*n roentgenograms which 

movement in the Joint 7°?/ Md Xn& surprised to find considerable 
indication of ankyioaf* *cen other roentgenograms where no 

fibrous adhesions and oaln 13 ^ resco ^ but the Joint was stiff due to 
The prognosis in *K» 

that Is already stiff 4 i 0 * 0 * that Is becoming stiff, or fn one 

both directions. ’ be guarded. One Is given surprises In 

Treatment. — The tresfm^ 

prophylactic, curaU Ve 1,^ sff ff joints concerns preventive, 
find mean* to prevent a relapse or re- 
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while a thorough search for the dirt* jta«® 

Joint should be put nt rest. -jnfgi part fa s^thed 

get up for meals or to go to he laxutory. The ^niui part 
Sth strips of gauze saturated with an tuMjtae lodo^ ^ 

During the acute stage of all forms of "jj™ : ’ ™t frotowls 1 
gestlon and pain of the Joints are f jf tSwsS Dc- 

principle of orthopedic surgery ' hou “ f t T, ' ro spltau and 
formlty must be prevented. 

rest accomplish this. Joints at this ' j bterlerrs with 
or strained, because the resulting swelling mcctor painless artht 
circulation, and trauma Is done to diseased tissue. Painless 
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motion Is encouraged. After the acote stage has pass^i lv3Vt been 
Joint function must be restored if possible. The RO d occtf- 

secured through very gradual use of the joints by eycr T7^ ie quicks 
patkmai work. Manipulation Is used less and les^ «holej nwrt 
method Is being displaced by more gradual and, on the ire 

satisfactory daily exercise, with rest periods. By this, tne 
developed to keep pace with the increased range of moU ^ era tive 
circulation follows with more permanent results. If laf^fr bre° 

cedures are necessary to obtain joint motion, the muscles, gfter 
used, are ready to do their share in securing motion ^ this 

operation, and the danger from adhesions becomes less bees 
preparation. , —goer*' 

In arthritic conditions one must realize the importance 
tlon between the orthopedic surgeon and the internist. 
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In the trea tm ent of arthritis of the spine, one should consider 
traction, Bradford frame, heat, massage, diathermy, posture, exer- 
cises, strapping, braces, belts and electrical stimulation of atrophic 
muscles. 

SCIATICA — SCIATIC SVNTHKJSIE 

Sciatica, or the sciatic syndrome, is a condition characterized by 
pain along the course of one or more of the nerves of the lumbosacral 
plexus; the most common radiation of pain is down the back of the 
thigh, into the leg and down to the heel. The pain, however, may 
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radiate down the inner or outer border of the thigh, rarely down the 
front. The term sciatic syndrome is preferable to sciatica or sdatic 
neuritis. It is not a neuritis, but a neuralgia or symptomatic neuritis. 
Primary sdatic neuritis is a rare condition usually caused by lead, 
arsenic, syphilis or alcoholism. The symptoms indude pain, with b’mi- 
Ution of movement and, in cases of sdatic scoliosis, a lateral shift of 
the body. Roentgenograms often reveal hypertrophic arthritis in the 
lumbosacral or sacro-fliac Joints, or both. The differential diagnosis 
U important, and one must exclude cord tumor and tuberculosis and 
malignancy of the spine. In order to exclude cord tumor, every patient 
would have a neurologic examination. 

The treatment indudes removal of fod of infection, such as in the 
wth, tonsils or intestinal tract. Treatment of the arthritis of the spine 
includes symptomatic treatment to relieve pain. Radiant heat cen tie 
and diathermy are usually effective. In some cases massage 
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ARTHRITIS OF THE STINE 

Arthritis of the spine is usually of the hypertrophic type. Pure, 
uncomplicated ntropmc arthritis of the spine is rare. In ftd, there 
are numerous clinicians who arc unable to recall one instance of un- 
complicated atrophic arthritis of the spine, even though they have sea 
large numbers of the hypertrophic type. Therefore, vre may «y that 
arthritis of the spine is usually of the hypertrophic type mamkiiw 
by pain, local and referred, limitation of motion, a stiver ^j 9 
a poker spine, tenderness to movements, sensitiveness to jama?, P®£ 
on sneezing, coughing or straining at the stool; roentgenograms revell- 
ing the hypertrophic or ostco-arthritlc changes. 
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%£££] 79 

and diath ermy may aggravate symptoms. Putti recommends a bivalved 
cast made with the patient in the deformed position, and the use of 
heat from an alcohol lamp in the form of Bier’s hyperemia. In some 
cases it is advisable to stretch the lumbar spine and limb, described 
under “manipulation of the spine.” I have had considerable success 
with the combination of caudal epidural injection of i per cent novo- 
caine combined with manipulation under anesthesia. 
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BRACFTIAL NEURITIS 

Brachial neuritis corresponds with the sciatic syndrome. Brachial 
neuritis means pain along the course of one or more of the nerves of 
the brachial plexus. The cause is usually hypertrophic arthritis of the 
cervical spine. The symptoms include pain along the distribution of 
the nerves of the brachial plexus. Roentgenograms may show hyper- 
trophic arthritis of tiv* cervical spine. The treatment Includes treat- 
ment of the primary conditions or fod of infection, symptomatic treat- 
ment for rest, support, heat, massage, diathermy and very Ren tie 

manipulation. 
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The treatment of the congenital type may be divided into early, In- 
termediate and late treatment The measures which are of value in- 
clude exerdses, massage, and correct posture day and night Immob il- 
lation can be secured by means of a special collar made of cotton, a 
brace or a cast. Operation includes division of the sternal and cla- 
vicular heads of the sternocleidomastoid muscle, or a plastic operation 
known by the name of FoederL After operation, a cast to maintain 
overcoTTection is advisable, this to be followed by a brace, exercises 
and massage. 

Included in traumatic torticollis should be mentioned ordinary 
stiff neck due to exposure to changes in temperature. An ordinary stiff 
neck that a patient awakens with is usually due to a myositis or a 
neuritis. This torticollis occurs during sleep, when a draft of cool air 
blows on the neck causing congealing of the muscles and compression 
of the nerves, or a neuralgia followed by muscle contracture or fihro- 
sitls. The treatment includes radiant beat, gentle massage, gentle 
manipulation and the application of a cotton collar. 

In ocular torticollis, the treatment Includes, in addition to the 
orthopedic management, the correction of the ocular disturbance. 

In hysterical torticollis, the physical therapist and the ortho- 
pedic surgeon can be of great assistance to the psychiatrist. 

NEUROLOGIC CONDITIONS 

The chief neurologic conditions to be discussed Include poliomyelitis, 
spastic paralysis, brachial birth palsy, syringomyelia, tabes dorsalis, 
multiple sclerosis, hysteria, pseudohjpertrophic muscular paralysis, 
ataxia, peripheral nerve wounds and other paralytic and neuromuscu- 
lar conditions. 

In the treatment of tabes, the physical therapist can do a great 
deal in neuromuscular reeducation by the various methods, such as 
the Frenkel series. In maintaining the tone of the skin, muscles, liga- 
ments and nerves, massage very carefully applied is valuable. Exer- 
cises under warm water are beneficial. As aids in locomotion, crutches, 
canes and various mechanical walkers art useful. 

In the treatment of multiple sclerosis, one should try radiant heat, 
very gentle massage, exerdses, neuromuscular reeducation and under- 
water exerdses. Sometimes diathermy is beneficial. The use of canes, 
crutches and other walking apparatus Is helpful. 

The same physical therapeutic measures are applicable to tabes 
dorsalis or locomotor ataxia and syringomyelia. As Is well known, 
Charcot Joint Is usually found In the lower extremity, syringomyelic 
Joints In the upper extremity. The physical therapy measures indude 
rest, radiant heat, gentle massage, neuromuscular reeducation, under- 
water gymnastics and the various aids to locomotion, such as walking 
apparatus, canes and crutches. 
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The treatment of the congenital type may be divided into early, in- 
termediate and late treatment. The measures which are of value in- 
clude exercises, massage, and correct posture day and night Immobil- 
ization can be secured try means of a special collar made of cotton, a 
brace or a cast Operation includes division of the sternal and cla- 
ricutar heads of the sternocleidomastoid muscle, or a plastic operation 
known by the name of Foederl. After operation, a cast to maintain 
overcorrection is advisable, this to be followed by a brace, exercises 
and massage. 

Included in traumatic torticollis should be mentioned ordinary 
stiff neck due to exposure to changes in temperature. An ordinary stiff 
neck that a patient awakens with is usually due to a myositis or a 
neuritis. This torticollis occurs during sleep, when a draft of cool air 
blow* on the neck causing congealing of the muscles and compression 
of the nerves, or a neuralgia followed by muscle contracture or fibro- 
sitis. The treatment includes radiant heal, gentle massage, gentle 
manipulation and the application of a cotton collar. 

In ocular torticollis, the treatment includes, in addition to the 
orthopedic management, the correction of the ocular disturbance. 

In hysterical torticollis, the physical therapist and the ortho- 
pedic surgeon can be of great assistance to the psychiatrist 

neurologic conditions 

The chief neurologic conditions to be discussed Include poliomyelitis, 
spastic paralysis, brachial birth palsy, syringomyelia, tabes dorsalis, 
multiple sclerosis, hysteria, pseudohype rtrophic muscular paralysis, 
ataxia, peripheral nerve wounds and other paralytic and neuromuscu- 
lar conditions. 

In the treatment of tabes, the physical therapist can do a great 
deal in neuromuscular reeducation by the various methods, such as 
the Frenkel series. In maintaining the tone of the skin, musdes, liga- 
ments and nerves, massage very carefully applied is valuable. Exer- 
cises under warm water ore beneficial. As aids in locomotion, crutches, 
canes and various mechanical walkers ore useful. 

In the treatment of multiple sclerosis, one should try radiant heat, 
very gentle massage, exercises, neuromuscular reeducation and under- 
water exercises. Sometimes diathermy is beneficial The use of canes, 
crutches and other walking apparatus Is helpful. 

The same physical therapeutic measures are applicable to tabes 
dorsalis or locomotor ataxia and syringomyelia. As is well known 
Charcot joint is usually found in the lower extremity, syringomyelic 
joints in the upper extremity. The physical therapy measures Include 
rest, radiant beat, gentle massage, neuromuscular reeducation, under- 
water gymnastics and the vnrious aids to locomotion, such as walking 
apparatus, canes and crutches. 
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Metabolic Conditions 

obesity. J^arthrifte^ih Con ^ on * delude arthritis, goat, rickets tod 
Include rest Jv. lt mi?ff> m ° S if VI i! Uab,e P h y* fcaI therapeutic measures 
applications’ ** a5sa ® e * diathermy, negative galvanism and bod 
r« « j, ' . 


*' ^discussion of put, one should emphasize the importance of 
Pgslal therapy, including ionization, 
ooesity is a very imnortant rrn^ A« n nr»n^r»l mnno- 


“ickm K , ( ,^' I ' nc ' udin « ioni “ ,i “‘- 

sltion, obesity l, diie ln1 r >or,ant one. As n gmnl prqoo- 

constipation. Tbe rc l g CB ce in food, lack of exerdsc tad 

disturbances in the , r k? 101 * such as hereditary tendency tnd 
Important nbvsl™t ?"“ ocr,nc glands, nnd of water metabdim He 
open air, lnclurfln& mca5ure * include massage, exercises in the 

other sports. JumnW ij^ ng ’ tcnafs > hfcycie riding, rowing tnd 
are very valuable ruk/** r °^’ ta P-dancing and setting-up exercises 
don of addoohW. rtp " r • mcaaiIres include colonic irrigation, implants- 
of certain foods. r ® aniarm ’ I^tivea, cathartics and the diminaticc 

obesity, it is J 00 ^ ct ^ concerned In the treatment of 

difference between M. , Proposition that the patient’s weight is the 
able discussion on th/* Qn< * ou{ P ut * There has been cocsider- 
but when all the ^ endogenous and exogenous obesity, 

Proposition that the n ^ , weighed, it comes down to ibe staple 
amount of food tahen ,wight ^ difference between the 

and the energy outunf « t ty ? c ^°°d> the metabolism of the food 
There is, undoubted ™ ^^ring, and hfs excretions, 
dividual— an Inherited , nite type of constitution of the ta 

hn portent, but the tution. Endocrine factors are undoubtedly 

to recognize the fa ctor nful-^ not ? et been determined, failure 
has been the cause of * n( f to institute proper procedure 

involving the «trendti«^L l ^ la ^ treatment of condi tkx» 
cWe% arthritic, Tnetmboi,, “** loT ^r bade These conditions are 
painful heels. c ^ mechanical, fncluding flat feet and 
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The reader is referred to such works as McLester, Evans and Strang, 
and Newburgh. Fads and fandts In dirt are largely due to mlslnforma- 
tion fostered by the cultists or as a result of prejudice of unthinking 
people. 

Obesity is a very Important consideration in orthopedic cases, espe- 
cially from the mechanical standpoint, in the following conditions: 
anterior poliomyelitis, flat feet, painful heels, sacro-iliac disturbances, 
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arthritis of all the joints, especially those of the spine, hip, knee and 
ankle. The overweight child Is the precursor of the overweight adult. 

Fashion In recent years has decreed, according to Barborka, that the 
figure of women should be sylph-like; to conform to this, many women 
have employed, on their own initiative, many ridiculous dietary meas- 
ures. Not Infrequently, this has led to extreme under-nutrition, to Dl 
health and even death. It is the physician’s duty to point out the 
limits of reduction, and that health is more to be desired than a fash- 
ionable figure. 

After an injury to the foot or ankle or knee, such as occurs fa In- 
dustrial conditions, especially fractures and dislocations of the lower 
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extremity, obesity may be a very Important smmbltog-btoct which 
, favors prolonged disability. 

Endocrine Disturbances 

Under endocrine disturbances, the pbixlcal 
concerned with such conditions as obesity, leanness, FriSUkh. syn- 
drome and slipped epiphysis. m » fair ban ot 

The chief glands oi internal secretion ^ lcb pjiuiury, 

scientific therapeusis Include the thyroid, parathyrol , P> 

adrenal and ovary. , ' .rfintj, massage 

Physical therapy measures include !U PP°rt> SSi. onerations ut 
and diathermy. Endocrine therapy and sometimes operations 

Indicated. 

ClECULATORV CONDITIONS 

The most important 

endarteritis obliterans, thrombo-onghtis ob '‘‘*?^L^^se. Spiff 
and causalgia. Thrombo-anglltlx is known ns B KB „( the 

does not permit description of the various tests for the efficiency 

circulatory apparatus. Inlretloo of sdetoshS 

The best treatment for varicose veins Is the InJ „ raia iiOed wrgK®- 
solutions. This Is a minor procedure in the hands o » fi caM3 

It has been stated that 95 per cent of Buerger's ltc . 0 ( the . 

in men and 5 per cent In women, which is Just the oppose 
figures for Raynaud's disease. , . . Jt.tmbllKM b 10 

The importance in the treatment of circulatory include nsl < 
Improve circulation. The means of accomplishing ^ 

elevation of the limb, beat, elastic compression, arid 

to the cervical and lumbar sympathetica, speoal «vmpaibedc 
postural exercises. Operations on the veins, arteries an / 
nerves are not discussed here. . de- 

The most valuable postural circulatory exercises thrombo- 
Bcribed by Buerger * under the conservative treatmen j^.-eioped, 
angiitis obliterans. He says: “When the disease b ^ r ted pah 1 
distinct Intermittent claudication being present and rainy ' 
with or without trophic disorders, it Is advisable that ^ 

remain in bed for several weeks or even longer, or a* mea $are> 
walking and standing be completely interdicted. Therupeu 0 { 

should be directed toward the conservation of warmth, 0 { 

the drculatlcm, the prevention of traumatism, and the 
local conditions, trophic disorders or gangrene when these sup^ ^ ^ 

The author has suggested that certain passive exerds« / t j jerC - 
value in inducing hyperemia or rubor In the affected bmoa nu ' 
fore, therapeutically beneficial in Increasing the blood supply- ^ ^ 

• Buenwr, L#o: CSrcuUtory Dijturtmce* of tin Extrwnilfc*, U 
Bmodcn Co, 191*. 
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This method is the logical therapeutic outcome of Buerger’s method 
of diagnosticating impairment of circulation of the lower extremities, 
In that it uses the phenomenon of induced rubor or induced hyperemia 
in a therapeutic way. If the method be carried out daily for a suffi- 
ciently long period, It is of greater value in improving the circulatory 
conditions and in increasing the blood supply than any of the other 
mechanical or thermal means that are at our disposal. 

The procedure Is as follows: ‘‘With the patient lying supine, the 
affected limb is elevated to from 60 to 90 degrees above the horizontal, 
being allowed to rest upon a support for from 30 seconds to 3 
minutes, the period of time being the minimum amount of time neces- 
sary to produce blanching or ischemia. As soon as blanching Is estab- 
lished, the patient allowB the foot to hang down over the edge of the 
bed for from 2 to 5 minutes, until reactionary hyperemia or rubor sets 
In, the total period of time being about 1 minute longer than that 
necessary to establish a good red color. The limb Is then placed in the 
horizontal position for about 3 to 5 minutes, during which time an 
electric beating pad or a hot water bag Is applied, care being taken 
to prevent the occurrence of a burn. The placing of the limb in 
these three successive positions constitutes a cycle, the duration of 
which is usually from 6 to 10 minutes. These cycles are repeated 
over a period of about one hour, some 6 to 7 cycles constituting a 
“dance. 


“The number of dances cannot be categorically stated but should 
vary with the case. In a general way they should occupy at least 6 
to 7 hours a day, that is, every alternate hour during the daytime. 
During the hours of rest, heat Is applied continuously in the form of 
an electric pad, hot water bag, hot air apparatus or electric lamp. In 
the opinion of the author, this method does far more to improve the 
circulation than either the application of superheated air (so-called 
baking treatment) or the diathermic treatment- 
“The length of time of its application may require modification, 
according to the manner in which the procedure is borne. In some 
cases, pain induced by elevation may necessitate a diminution In the 
period of elevation. 


“It is not possible to lay down hard and fast rules as to the exact 
application of this method in any given case. Its employment should 
be varied according to the requirement of each and every clinical 
stage and the patient’s response.’ 1 

In the treatment of arteriosclerosis, Buerger recommends several 
methods of Improving the circulation. 

These include, first, the postural treatment; second, the hot air 
treatment; third, the diathermic treatment; fourth, the beat of electric 
lamps; fifth, the thermophore. 

The postural treatment, which consists In the Induction of a reac- 
toMry hyperemia In the affected pan by preliminary elevation of 
>bc leg, followed by depression ol the limb In a dependent position 
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may be used with some benefit in almost all cases, except where po- 
grenc has already become extensive, where a phlegmon has devd^ed 
or where such changes of position art too painful to the patient 
When recent extensive thrombosis has taken place, It Is lbo cootri- 
imUcatcd. 

The postural treatment, or exercUcs to induce rubor and an seeder- 
ated circulation, must be varied in its method of application in eieh 
and every case. "The period of elevation should be the nrftdmnffl 
amount of time necessary’ to produce a frank blanching of the loot 
This is usually about 30 seconds to 3 minutes, depending upoct* 
degree and extent of the vascular obstruction. The next period 01 
depression (or of the hanging leg) fa to be prolonged about x <* 1 
minutes beyond the time necessary for the induction of distinct rubor. 
An abridgment of this is then warranted, when the patient coropfajas 
of increased pain in this position, or if the pain become* unbearawe 
after a given duration of time. The third position of rest in the bon* 
rontal may be extended at will beyond 3 minutes, provided that tax* 
does not suffice to give enough repose to the patient In gw*™**: 
should be longer In the atherosclerotic cases than in the younger p rop * 
affected with thrombo-ongiltfa, since the former may find the trea truer 
onerous unless sufficient Intervals of rest are provided. , 

"The position of the resting limb in all forms of obstnicthfc 
disease has not received attention from the clinicians. If careful owe- 
vations on the appearance of such limbs in varying postures be maoe, 
especially after the induction and abatement of reactive dreuwoo 
manifestations, It will be noted that the color of the foot v*rta c*&* 
erably when in the horizontal plane. While a normal or slightly djiwn- 
fahed flesh color is not infrequently seen even in advanced arte 
disease, the affected foot win often evidence varying degrees of paw* 
This may affect but one or more toes or the fore part of the 
may involve even some of the distal portions of the leg; the • 

or plantar aspect of the foot may show patches of blanching *“*"*;_ 
fog with pfotfah or slightly cyanotic areas. AD of these color 
tkms must be interpreted as indicating a circulatory fosuffickajT . 
this position, and, as such, we may deduce lesions of prepay^, 
ana therapeutic value — to wit, that such limbs are not to be 
lo stay during their period of rest, in the borirontal position, °o 
•omenta depreesed, just enough to bring about color evw»°" 
drariatory activity. After testing the angle necessary to brings Jx»« 
the return of almost normal color, the patient must be instructed ^ 
this particular position Is to serve es his hortiontal. Indeed rt Is 
even "““asleep, to arrange the bed so as to conserve the anpel*^ 
viously arrived at, for, harmful as is the continued stasis toda'**?' 

P m w » Ud “i!' SO also is one o! continued lscJonW, 

esm If but slight. A position of elevation universally regarded *> 
harmless must be avoided because of Its depleting effect." 
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PSEUDOHYPECTBOPHIC MUSCULAR PABALYSIS 

This condition is variously known as pseudohypertrophic muscular 
paralysis and progressive muscular dystrophy. 

The cause of the condition Is unknown. The signs and symptoms 
include the following: There is a history of delayed walking, some- 
times until the third or fourth year. Tiptoe walking is the rule. The 
gait is awkward, waddling and unsteady with Inability to go up and 
down stairs. Children fall frequently and are usually unable to arise 
without assistance. They tire easil y. There is a marked lordosis and a 
protuberant abdomen. Usually the calf muscles are enlarged and very 
firm. There is a peculiar fadal expression which Is dull and mask, 
like with Inability to elevate the angles of the mouth so that when the 
child smiles, the lips spread out sidewise but the angles of the mouth 
are not elevated. In walking, the feet are wide apart, and sooner or 
later they assume a position of equinus or toe drop. They are swung 
forward rather than lifted and carried high to clear the ground. The 
child sways from side to side and be cannot sit down slowly — be 
collapses into a chair, unless he uses his arms and hands to break the 
fall. Winged scapulae are due to muscular atrophy. There are noted a 
wasp-waist and loose shoulders. Stumbling and falling are prominent 
features. If the child can rise from the lying position on the floor, he 
usually does so in a classic way. He turns over on his face; he 
rests cm his elbows and knees, climbs up on his legs by putting his 
hands on his ankles, then the legs, then the knees and then the thighs 
and, finally by a supreme effort, stands up. 

The treatment of this condition includes no specific remedy. For 
many years I have used hypodermic tablets of adrenalin, 3/200 of a 
grain each, dissolved under the tongue three times a day. More re- 
cently, Kure and Okinaka advocate the use of adrenalin and pilocar- 
pine subcutaneously. The dose for adrenalin is 0.2 to 0.3 cc. of a 
0.1 per cent solution. The dose for pilocarpine is 0.1 to 0.2 cc. of a 
1 per cent solution. The injections are repeated daily or every second 
day until at least 50 Injections are given. 

The physical therapeutic measures are as follows: The first warn- 
ing is to avoid fatigue. Electricity is of value in maintaining good tone 
and circulation. Massage is of some value. Hydrotherapy is valuable. 
In order to teach these patients to go up and down stairs, it is ad- 
visable to use a set of 5 or 6 narrow stairs, with a balustrade on each 
side. Retention apparatus, as a rule, is not highly beneficial. As a 
means of preventing contractures and deformities. It Is advisable. A 
light removable plaster cast or brace may be used to hold the foot 
at a right angle, or n knee In extension, or to support a scoliotic 
back. 

Trade® lengthening and tenotomies, when indicated, should be per 
formed very carefully because of the danger of losing ohal IlTlle 
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tone or power their muscles have, and because of the danger of pro- 
ducing the opposite deformity which may be more disabling. 


Shoes and T heib Modifications 

In a discussion of shoe modification, first of all one must consider 
the type of shoe that is advisable for children, women and men. 
As a general proposition, one may say that a shoe should be straight 
lasted, round toed, have a moderate height of heel and a rigid shank. 



7i.— Tb* mart commonly prescribed morflAciticn of iboct (The left ibne h jbown.) 
*- Elentkm of Inner border of bed 
b. Elevation of braer border of ■ flared heeL 

c H. O Tbomaa bed — prolocratkm forward and elevation of Inner border, 
d- FVnlhm of outer border of aoie 

c - Combined Tbomai bed pi’J' deration of outer border of aole. 
f. Uetatarwl cieit 

L it eta tarsal crescent 

Rnervd Tbomo* bed Outer border prolonged forward and dented. 

The rtetebe* »ere made by Dr. D. IL Lrriatha] 
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muscle pull or muscle imbalance produces disturbances of posture, 
but to a certain extent these inherited tendencies can be overcome. 
Bad posture In many instances is only a result of habit and, by the 
exertion of will power and by proper exercises, good posture habits 
can be acquired. Deformity and disease have an Influence on posture; 



F». 73. — Sevml abooraul condition* of U* fpioe Hut art tb* molt of ctnraaihal <fL*~ 
orden ox poox poaturt. (Lemln, Hjfria, d, Jannaxy, 191S.) 


tuberculosis, infantile paralysis and arthritis are diseases that are 
important in this connection. 

Good posture should be taught to the young child and should be 
Riven attention throughout life. It is of great Importance that the child 
form correct habits of posture as early as possible. In the borne in 
timJerRarten and in school. Poor posture is said to be on the increase 
and there Is no doubt that It adds greatly to the stress and strain of 
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thc ^ “ d tie *»“ ° f fte <“*> ta 

ab^'f^ i5 ^ P3r '" , ? ,y difflcu,ly <*loI"l”g property sfapd 
n,?" dren n'; nd mCn ' bu! for 8M» and worths Sh 
“j r ,!! y different. Women are the victims of two things: cot is style 
nnd the other b the shoe salesman. Women prefer to fit the eye rather 
than^the foot, and please the eyo rather than their hatband's good 

The chief modifications in shoes include modifications of the beds, 
soles counters and the blg-toe region. The chief modification of the 
neet b the Thomas heel, which Is longer and higher on the Inner 
er than the outer border. This compels the Individual to walk 
<•7 ~? e TOdfcfag-angle, so that a weight-bearing line dropped 

rom the rtdddlc of the patella bisects the tibia and the astragalus. 
ne chief modification of the sole Is the elevation of the outer border 

fifthToe WghC8t POfnt ° f thC WCdee shonld ** under *** *** of ^ 

P f ^ cotmters Include the removal of the cotmter for 
anon of the bed, and the prolongation of the counter oc the inner 

of 1 ° ptotect nnd *«PPort the scaphoid, first cuneiform and berf 
of the first metatarsal. 

IM £ I ^a Cati0 ?u ln the re 8’ on ol U* Wg-foe J dnt Include ^ 
he hISfi,/? het0 „ w ^ bc no ™lion 1 » the blg-toe Joint, which may 
big-toe Jotah U relieving (ho pain in cases of oaten-arthritis of the 

baJllr m ?? 1 5 altion of the sole Is what fa known as a metstaml 
uT ” con,l,t ‘ of a strip of leather secured between the 

bones a P° fnt Just behind the heads of the metstansl 
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seria^^Lv,^^^ 33 beauty In correct carriage, and many 

poor posture ** °* human body are due In whole or In part to 

pass thrcu^fhl P^^b line dropped from the aide of the head sbonW 
and aniJe bone f? r ““* tIlrou 8 h the middle of the shoulder, hip, 
forming the fnTWi a ^ PcrsQn ^ a correct standing posture. By per- 
atand with the b*rV& m 2 rements > one will attain excellent form: (0 
touch the vraD w ^ wall; (a) let the head and buttock 5 

the ^ for ^ inches; (i) 

spine; and (4) t0 tcrach the ^ with the 
to the balls of ^ erect ahlft tie bright 

position. ^ M( I ®tep off, maintaining the body In this 

back and a ^cerUJu tvn* parcnt3 and ancestors a certain type 
characteristics. ° f Just as he inherits many 

* Lswta, Phmp ijy ,. , ~* r also is Inherited, and unequal 

«'-* Wm.) 19,1 
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and mouth to function better. The person with erect carriage actually 
think* better; he Is more level-headed. 

In the chest also, poor posture causes disturbances. The cramp- 
ing results In improper physiologic action of the heart and lungs. The 
diaphragm, the large muscle that separates the thoracic from the ab- 
dominal cavity, cannot do its work properly when posture is un- 
natural. 
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Fix 74 — A, poor posture due to en*rmted hmbir lonksfa; B, C and D, correct 
poitnre. 

Proper support Is not provided the abdominal organs — stomach, 
Uver, gallbladder, pancreas, small intestine, large Intestine and omen- 
tum — when posture Is bad; they are cramped and forced out of their 
normal positions. With the stomach at a lower level, intestines pushed 
down, kidneys improperly supported and strain on the vnrious sus- 
pensory ligaments, it Is simple to deduce what symptoms follow. The 
circulation of these tissues is impeded, and constipation, an important 
factor In the production or aggravation of many chronic conditions, 
results. 

The pelvic organs In persons of both sexes may suffer materially. 
In women the effects of poor posture often reflect themselves in 
the uterus, ovaries and fallopian tubes. 

Poor posture of the lower extremities results in mechanical and 
other disturbances, chief of which are strain on the hip joint and 
"x^hanical strain on the knee joint, ankle and foot. Undoubtedly many 
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both child and adult life; ft also exposes the individual to the posd- 
blllty of superinduced infection and trauma* 

The spine Is a flcxiblo rod made up of segments, at one end of 
which sits the head and at the other end of which sits the person. The 
spine has n normal front to back (anteroposterior) curve; it carva 
forward, backward, forward and backwarcl again as one progresses 
from the neck to its base; but in the lateral, or side to side, pto 
there arc no normal curves. Any lateral deviation involving more than 


Fl °Z 3 r~ A, i eT ***** of medical gjmnaatki, thb boyh pottnr* (ptlbp 

IbectmAtloo ihown on the left to tbe erect earrlax* Hhirtimted on the ORM- l 
Lewln, Hyida, 6:3 (Ju.) 1918.] 

one vertebra b called scollosb. As It b a flexible rod, 
of the spine cannot be changed without a compensatory change 
least one other portion. 

Mao was ntrt intended to walk upright Many human diwri' 1 ’. 
penalties for his having assumed the upright position. Wither 
posture the brain, heart. lungs, liver, kidneys, pancreas, nM»® u* 
ligaments are hindered in proper function, aDd elimination fn® 
gastro-intestinal tract b retarded. the 

Erect carriage of the head and proper curving of the neck p 
muscles, iignments, bones, Jolnb, blood vessels, brain, eyes, 
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B.rvd mouth to function better. The person with erect carriage actually 
thinks better; be is more level-headed. 

In the chest also, poor posture causes disturbances. The cramp- 
ing results in improper physiologic action of the heart and lungs. The 
diaphragm, the large muscle that separates the thoracic from the ab- 
dominal cavity, cannot do its work properly when posture is un- 
natural. 



Fkl 74. — A, poof pcutnrc doc to eimgKmted lumbar lordo*l»; B, C tod D, correct 
potturc. 

Proper support is not provided the abdominal organs — stomach, 
liver, gallbladder, pancreas, small intestine, large intestine and omen- 
tum — when posture Is bad; they are cramped and forced out of thefr 
normal positions. With the stomach at a lower level, intestines pushed 
down, kidneys improperly supported and strain on the various sus- 
pensory ligaments, it is simple to deduce what symptoms follow. The 
circulation of these tissues is impeded, and constipation, on important 
factor in the production or aggravation of many chronic conditions, 
results. 

The pelvic organs in persons of both sexes may suffer materially. 
In women the effects of poor posture often reflect themselves in 
the uterus, ovaries and fallopian tubes. 

Poor posture of the lower extremities results In mechanical and 
other disturbances, chief of which are strain on the hip joint and 
mechanical strain on the knee joint, ankle nnd foot. Undoubtedly many 
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both child and adult life; it also erposcs the individual to the p°sd- 
bility of superinduced infection and trauma. . ^ 

The spine is a flexible rod made up 
which sits the bead and at the other end of which 
spine has a normal front to back Dot'Droereras 

forward, backward, forward and backward “Pd" “ j^^ne 
from the neck to Its base; but in the lateral, or sld to 
there are no normal curves. Any lateral deviation involving 


r» 73 — Mlw three week* of toetficml gynnuJtlo, 

(be coodftion *boim on the left to th« erect arri^je ntattraied 
Lewln, 6:3 (Jm.) miSj 

one vertebra is called scoliosis. As it is ft flexible .wik^ st 
of the spine cannot be changed without a compensatory 
least one other portion. ,dv*der* arf 

Man was not intended to walk upright. Many human good 

penalties for hla having assumed tne upright position. * nlc i C 5 »nd 
posture the brain, heart, lungs, liver, kidneys, P an , cr f as !r /<1 from the 
ligaments ore hindered in proper function, and elimination 
gastro- intestinal tract Is retarded. v oertnit the 

Erect carriage of the bead and proper curving of the occk ]*•* 
muscles, ligaments, bones, Joints, blood vessels, brain, eye 3 ? 
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and month to function better. The person with erect carriage actually 
thinks better; he Is more level-headed. 

In the chest also, poor posture causes disturbances. The cramp- 
ing results in improper physiologic action of the heart and lungs. The 
diaphragm, the large muscle that separates the thoracic from the ab- 
dominal cavity, cann ot do its work, properly when posture Is un- 
natural. 
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Fk. 74. — A, poor po*tur* due to cugsm ted hrtnbir Iordoiii; B, C (od D, ctu Tc et 
posture. 


Proper support Is not provided the abdominal organs — stomach, 
liver, gallbladder, pancreas, small Intestine, large intestine and omen- 
tum — when posture is bad; tbey are cramped and forced out of tbelr 
normal positions. With the stomach at a lower level, intestines pushed 
down, kidneys improperly supported and strain on the various sus- 
pensory ligaments, it is simple to deduce what symptoms follow. The 
circulation of these tissues is impeded, and constipation, an important 
factor in the production or aggravation of many chronic conditions, 
results. 

The pelvic organs in persons of both sexes may suffer materially. 
In women the effects of poor posture often reflect themselves in 
the uterus, ovaries and fallopian tubes. 

Poor posture of the lower extremities results In mechanical and 
°ther disturbances, chief of which are strain on the hip joint and 
TOechanlcal strain cm the knee joint, ankle and foot Undoubtedly many 
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cases of arthritis of the knee and hfp are traceable to bask medariol 
disturbances that have been In operation over a period of many yean. 

Flat foot la a result of poor posture In many cases and may be a 
disabling condition. The combination of a mechanical disturbance, 
such as pronatlon of the foot, with strain, overactivity, Injury or in- 
fection, is a common cause of foot disability. 

The methods of recording posture are the photograph; the schemat- 
ograph, which was Invented by Dr. Mosher and Prof, laky of 
Leland Stanford University and Is a camern-likc instrument with i 
focusing lens and a scries of mirrors, by which an image U thrown oo 
a sheet of dear glass on which is superimposed a piece of Irak* 
paper; and the silhouetteograph, devised by Norman Fradd, which 
makes a graphic record of the posture by an arrangement for photo* 
graphing the Individual In silhouette. 

Roentgenograms are of value in determining the position and snap* 
of the bones. They often reveal definite unsuspected disease ctedihent 


Treatment. — The treatment of postural defects consists of propel' 
lactic and remedial measures. Prophylactic measures consist of sacn 
considerations as balancing the pelvis in cases of inequality cn U* 
length of legs. Attention to the feet is important. The reroedW 
are rest, medical gymnastics and support. The mattress must be none 
rigid by the Insertion under It of boards or a wooden f nUD V_. 
Bradford or Whitman gas-pipe frames are valuable In some c* 5 ®- 
Stretchlng, consisting of head traction, leg traction, pelvic traction, or 
combinations of two of these three, Is valuable as preliminary treat- 
ment. 


Medical gymnastics consist of postural, corrective, flexibilit y, 
increasing, breathing and relaxation exercises. In postural 
the patient b taught to stand tall, sft tall, lie tall and think talL ne 
I?? 3 V* yrsik ^ bb» chest thrown forward, bis abdomen drawn 
hb lumbar curve flattened, hb shoulders well back and upward 
head upward so that he looks out of the centers of his eyes; tbeettn* 
drawn straight back. He walks “chesty.” 

Corrective, flexibility and power-increasing exerdses a « 
planatory Breathing exerdses, such as those emphasized by 
thwalt and Klein, are valuable. Relaxation exerdses have a drfd 
**5 ^ H talnienL The so-called stall-bar exercise is of «?*** 
able^ue in low back conditions. Swimming and ballet danang 

&re “ccMsary, a simple corset Is to be 
Th ^ h S C 8urpwi & cases may prescribe the wearing^ 

aXhcr ** a sted frarae or h y 311 alumbl ? SS 

*“***» Cambium jackets and piaster^! -pansj^ 
c j 3 j e necetwiry in severe cases. Plaster casts may be recw 1 ^ 
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Physical therapy, consisting chiefly of massage, Is of great value. 
Hydrotherapy, heliotherapy, phototherapy and tonics have their places 
in the treatment 

I have designated the following ten commandments of good posture: 

i. Stand tall. 

а. Sit tafl. 

3. Walk tall and ‘‘chesty 5 ’ with weight transmitted to balls of feet 

4. Draw in abdomen, pulling it backward and upward. 

5. Keep shoulders high and square. 

б. Pull chin straight backward toward collar button. 

7. Flatten hollow of back by rolling pelvis downward and back- 
ward. 

8. Separate shoulders from hips as far as possible. 

9. Lie tall and flat. 

10. T hink tall. 

Conclusion 

In concluding this chapter, I wish to emphasise the importance of 
physical therapeutic agents in the prevention and correction of de- 
formities and disabilities of the extremities. In every community there 
should be at least one Institution where physical therapy can be given 
in an ethical manner, under the control and guidance of a licensed 
practitioner of medicine. 

The autboT wbbe* to oprm hb think* to Lem l Febtjqrr for the dm of « con- 
*tdermbte portion of thb manuscript »»d m»ny of the tOnUrmtioeei to be tned la hW 
forthcoming book, Tkt PriwcipUt and Practice of Oriko^trdk Surgery; a bo, to W. B. 
Surader* Company for the we of tone of the mxnwcript mod aotne of the III intr* lion* 
from hb book, Ortkofierdk Surgery for S'urttr. 
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CHAPTER TWELVE 


PHYSICAL THERAPY IN PLASTIC SURGERY 
Vilray P. Blais, MJD., and James Bassett Brown, MJ). 

Physical and Occupational Therapy in General 

The application of physical and occupational therapy plays an 
in dispensable rC>le in the cate of many patients who have to undergo 
extensive plastic repairs of defects. 

Plastic operations may include the repair of recent lacerations. 
Again, a rather long series of plastic operations may be necessary to 
overcome serious defects in facial appearance and function, such as 
deforming scars from burns, or scars following operations for car- 
cinoma. Finally, the plastic operation may be performed to restore 
function to a part, as in a temporomaxfllary ankylosis, or to replace 
deforming scars with contractures about the trunk or extremities. In 
all these conditions physical therapy must play its part if the ultimate 
aim of the operative procedure is to be attained. 

Severe scarring and contracture deformity about the hand and 
fingers may be taken as a given case. After a long period the part may 
still be swollen and congested or it may show atrophy and poor blood 
supply. Heat, hydrotherapy, and massage for one to four weeks prior 
to the proposed reconstructive operation will usually improve the blood 
supply, overcome a certain amount of the contracture deformity, limit 
the degree of atrophy from disuse, and altogether so improve the con- 
dition of the part as to assure the best possible operative result 
Following operation on the hand, physical therapy in the nature of 
proper splinting is immediately Introduced. A little later, hydrotherapy 
is employed, and as soon as the healing of the wounds permits, massage 
and muscle-training exercises are added to the treatment. Long after 
the surgical wounds have healed, the daily use of massage, muscle- 
training exerdses, active exercises, and finally, work or play, are 
accessary and should be persisted In until the greatest possible func- 
tional restoration is secured (Figs. i-8). 

PnviTCAL Therapy Agencies in Plajtic Surgery 

In plastic surgery the following physical therapy agencies are most 
commonly used: 




CHAPTER TWELVE 


PHYSICAL THERAPY IN PLASTIC SURGERY 
Vilkay P. Blair, M J)., and James Barrett Brown, M.D. 

Physical and Occupational Therapy in General 

The application of physical and occupational therapy plays an 
Indispensable rile In the care of many patients who have to undergo 
extensive plastic repairs of defects. 

Plastic operations may Include the repair of recent lacerations. 
Again, a rather long series of plastic operations may be necessary to 
overcome serious defects in facial appearance and function, such as 
deforming scars from barns, or scars following operations for car- 
cinoma. Finally, the plastic operation may be performed to restore 
function to a part, as in a tempo ro maxillary ankylosis, or to replace 
deforming scars with contractures about the trunk or extremities. In 
all these conditions physical therapy must play its part if the ultimate 
aim of the operative procedure is to be attained. 

Severe scarring and contracture deformity about the hand and 
fingers may be taken as a given case. After a long period the part may 
still be swollen and congested or It may show atrophy and poor blood 
supply. Heat, hydrotherapy, and massage for one to four weeks prior 
to the proposed reconstructive operation will usually Improve the blood 
supply, overcome a certain amount of the contracture deformity, limit 
the degree of atrophy from disuse, and altogether so improve the con- 
dition of the part as to assure the best possible operative result. 
Following operation on the hand, physical therapy In the nature of 
proper splinting is Immediately introduced. A little later, hydrotherapy 
b employed, and as soon as the healing of the wounds permits, massage 
and muscle-training exercises are added to the treatment. Long after 
the surgical wounds have healed, the daily use of massage, muscle- 
training exercises, active exercises, and finally, work or play, are 
uacessaiy and should be persisted In until the greatest possible func- 
tional restoration is secured (Figs. 1-8). 


Physical Therapy Agencies in Plastic Surgery 

In plastic surgery the Mlorring physical therapy agrades are roost 
commonly used: 














Agencies In Plastic Surgery n) 6 

Radium: 

i. To redace scar tissue, as in keloids 

Occupational Therapy.— Occupational therapy, as well as the sim- 
plest massage, erercises, and baths, Is of real importance lor stimulat- 
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F »- 9 — Boy afah eaten*! it thick, henry Kurin* and enotnetnre of arm to ride, 
*od thk ride oi dw*t and flank. t l , 

Th* arm was entirely freed by relraae of the *car and complete tecttoo of the orlda 
D7 the pectorals* major and latbrimu* don! mtnclei and advancement of them higher 
<* th* thorn. The re*nlt*nt defect nt grafted with thkk *pfit graft* taken from 
th* thigh*. An area of more this 1 50 #q. in. wa* grafted at one tlm*. 

Faa. 10 —Severe contractara of axilla (antrrioT fold and apex) and of neck that 
“* P*hcd Jaw dorm into an open bile of 1 cm- Note pinch or *maH drco grain 
eheahere) that have resulted in beaHn* of the area, cart not In reieaje of 
odomdtr. 

_^h* head, neck, and Bp were restored to normal poaitkm in one operation by 
the tear* md covering tb* defect with thick «pht pcmiU- 
>m *u freed and the axillary apex and anterior fold were covered with ipfit 
111111 hi o>« operation. 
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Massage: 

i. To prepare a part for the proposed operation 

а. To stimulate the blood supply, as in the base of a pedicle flap 

3. To attempt to reduce the amount of scar tissue 

4. To loosen up a scar and overcome a tendency to retract oc 
contract 

5. To restore function, especially about the joints 

б. To loosen the contracture that takes place under skin grafts 
and flaps 

Dry Heat, as from on incandescent bulb, infra-red baker, hot-water 
bottle, or electric pad: 

1. To relieve pain 

2: To stimulate the formation of healthy granulation tissue pre- 
paratory- to a skin graft ' 

3/ To -improve circulation: (a) to stimulate, (b) preparatory 
massage 

4- To combat low-grade infection 

Hydrotherapy, as local or general baths' local or general salt baths, 
whirlpool baths, hot wet packs, contrast baths (hot bath 15 mm., 
cold bath 2 min., usually local): 

1. To relieve pain 

2. To stimulate a healthy bed of granulation tissue 

3. To stimulate circulation, as warm saline packs applied about 
base v of a pedicle flap 

4- Preliminary to massage and exercise 
5. To overcome infection 

Dry Cold, as from ice-bag: 

1. To overcome traumatic or postoperative swelling 
Ultraviolet Rays, as from quarts light or from direct sunlight. 

1. To stimulate healing _ , 

2. To improve general condition of patient, especially in child 
with rachitic tendency 

3. To tan, if possible, a skin graft or flap . 

4. To overcome a low-grade infection, as pimples, preparatory 
plastic operation 


X-Raym; 

1: To overcome (1) low-grade skin infection, (a) almost any tyP* 
of surface cellulitis, Including erysipelas, (3) bolls, (4) adenitis, 
(5) abscess formation, (6) Ludwig's angina, (7) acute parotitis 
2 . To reduce scar tissue 
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Extensive Burns 

The Immediate care of extensive burns necessitates the relief of pain 
and the treatment or prevention of shod:. The immediate local treat- 
ment is subject to so many varying possibilities, and the available 
methods of treatment may be so limited, that no one method can ever 
be universally relied upon. Any treatment that allows crusts to remain 
on wounds, under which there is usually a collection of pus, may be 
luf&dent for superficial burns; but for deep burns in which the full 
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ing the patient mentally and for Infusing spirit into him. Many patients 
completely disheartened with a long series of surgical steps may be 
reclaimed mentally by the instruction and guidance of an occupational 
therapist. 

If the elaborate outlay found in most large surgical clinics is not 
available, the surgeon will often find the application of these principles 
directly advantageous in securing surgical results, even if be has to 
combine the work with bis own (Figs. 7, 8 and 11). 



F» it.— Boy nd jdrf of Fl*». g «od io ibown In phyafcal therapy department- 
The boy ihowi almost full ertenjion of inr and ho received great benefit fro® 
hHtrodloc oid trminta* In thb department The nerve wppJy of the 
Utifritmu vu not Interrupted o evidenced by a pood power of adduction of 

The jrirt is tble to rloae her month tod her had. Her inn movement 
been ratored to complete extemioc In ooe operation. , .. , . 

Over Uryr Jotot* *och ** tb* uflli the thick *pDt-*iin fmft b admirabl y 
Soon alter bcauri* b complete, evercbe can be morted to that actively 1 
contract an of the ban of the an ft. Children are excellent wbjecti and even i 
tnpere *01 be of (neat benefit If an ettablbhed deportment k not aralUtte. 
rbOdrm are frequently tamed kxoe an their own Initiative alter the kk» of 
rvercW b exptilneti to them, and they rapidly rrhabflfftile thenwdvtt. ._j 

Note that the thlaba of both patlenU from which the grain wen art art 
In l be pdri there b but faint evidence D ( the wooed, although the ■ 

taken but t? da>« after the operation (Department of rhyakal Therapy, Shrink 
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thickness of the derma has been destroyed, some plan for surgical 
cleanliness should be employed No single method Is applicable to all 
cases, but with the general plan of frequently changed hypertonic 
dressings and with dose attention to mechanical deansing at the time 
the dressings are changed, most patients will develop dean, firm granu- 
lations ready for grafting within four weeks (Figs. 12 and 13). 

After sloughed tissue has separated and there is no further toxidty 
from the burned area, there is left a denuded area that requires 
restoration of surface covering of suffident thickness. This restoration 
should be made as speedily as possible for the conservation of function, 
health, and comfort. Any treatment or lack of treatment that delays 
restoration Is an economic waste. Especially important is surgical 
cleanliness for burns of the hand and arm, for here the important 
tendons and joint capsules are so dose to the surface that prolonged 
chronic Infection In granulations over them may result in permanent 
deformity. 

Saline Bath and Dry Heat. — For widespread denuded areas of the 
body and extremities, the combined use of the saline bath and dry heat 
b most effident for deaning these wounds surgically in preparation 
for akin grafting. The patient is placed in a warm salt bath for one to 
three hours a day, and then lies without dressings on a bed, covered 
with sheeting, to which heat is applied by a string of electric lights 
above the patient (Figs. 13 and 13). 

There are several distinct advantages in this method of care: 

(1) The patients are extremely grateful because of their freedom 
from painful dressings. Patients, both adults and children, who have 
practically lost their morale from pain and discomfort are frequently 
made comfortable after 5 to 10 min. In the bath. They may be put in 
the first time with dothes and dressings left on, and then after soaking 
for some time, the dressings may be cut loose and removed without 
pain. 

(2) The method is probably the least expensive of any and may be 
came d out in the home. 

(3) After the routine is once established, nursing can; can almost 
*ttpplant the care of the doctor except for dally inspection and neces- 
* ar J r changes in care. 

(4) Placing the patient unrestrained in the bath and In the bed 

^ encourage active and passive motion and reduce contractures 

to a minimum. Restraints In the form of splints, bandages, and loops 
°^er extremities can almost universally be avoided. Contracture from 
rortace loss can be remedied satisfactorily only by replacing tissue. 

relief obtained from secondary contractures by splinting will be 
am in a few hour* after removing the restraint. 

(5) As soon as the patient is able to be up and around, some sort 

or easing must be substituted for the dry heat, and for this hyper- 
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Active movement about joints may be started when it is certain the 
graft can stand it. Deep massage may help to loosen grafts from their 
bases and also help smooth them out if there is a tendency to wrinkling 
from contracture of the base. There does not appear to be accurate 
data oo the reasons for variations in the color of skin grafts. Although 
they rarely “tan” on exposure to actinic radiation, there may be some 
Improvement in color (Figs. 7, 8, and 11). 

Pedicle Flaps 

Physical therapy of a tedious sort may be necessary for pedicle flaps 
that have a sluggish blood supply. Light massage with the finger tips 
along the flap three to six times every five minutes may help replace 
the inadequate pulse, and, if this is carried out Intelligently by the 
nurse, an apparently doomed flap may be saved. The use of warm 
wet packs around the base of the flap is valuable; care should always 
be taken to avoid blistering, and it is best to have the packs tested and 
applied with the fingers rather than with forceps. 

Deep rotary massage of these flaps after they have been completed 
may free them well from the base, and here again actinic radiation 
may be tried for color improvement if the flap remains a dead white. 

Cleft Lip and Palate 

Quartx-light treatment, local and general, has apparently been of 
great value in some cases that haw not withstood operation well. 
For mild cellulitis and Infection of the lips, local radiation has proved 
especially beneficial. 

In Infants and children it is necessary to keep the hands away from 
the mouth and light splints are used to prevent flexion of the forearms. 

Speech training is almost as Important for good speech as is repair 
of the palate. With intelligent parents and patients this may be accom- 
plished at home by following simple rules, but most patients do best 
m class or under the supervision of one who Is trained in the work. 

Operative Trauma 

For swelling following operations (without infection) cold applica- 
te” 15 simply applied are the most satisfactory. One caution about the 
fac ® j 3 avoid putting an ice-bag or any heavy application on an 
^y*]Jd that is swelling, as a relatively light pres: ure may skut off the 
Mood supply and necrosis will result. 


>?• applications (moist or dry) most frequently 
eve the pain and localise the process. Opposition in favor ' * - 


*31 often be 


encountered, and since neither process is very* wen°undS 
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tonic packs of sodium chloride, boric add, magnesium sulphate, ra 
any desired antiseptic may be used. Then Instead of being puffed off, 
they may be soaked free In the bath each day and reapplied liter. 

Quarts Light— Quartsdlght treatment of these areas nay well be 
combined in this as In any method of tres.tment General radiation two 
to four times ft week will usually be ideal, Although heavier nuilatioo 
of local areas of persistent infection may be indicated. 


Exercises and Occupational Therapy. — General physical therepy 
in the form of active exerdses of the hand, arm, or leg ® 

great advantage. Any occupational therapy, especially with dMfca, 
has frequently marked the turning point of recovery. The outside um 
of activity is encouraged, even If this is nothing more than the knJ wg 
of a wash doth or the cutting out of paper figures. The use of mm* 
instruments or even encouragement to feed themselves may 
marked Improvement (Figs. 7, 8, and 11). 


Skin Grafts 


Preliminary Preparation.— Tbe physical preparation of widdy 
denuded areas for skin grafting ts essentially os outlined trader wero.- 
rive Borns. For chronic ulceration of tbe legs, r «t jn wa 
one to three weeks may be advisable, and may in Itself be tbe 
element In a successful skin graft. Added to this there 
or clastic bandaging for the support of the blood column. If the P* 
remains ambulatory, some type of hypertonic dressing plus a * 
portive dressing Is necessary. Quart* light used locally over inteoeu 
surface areas may be of great benefit 1 (Figs, xj and 13). 


Fixation of Dressings. — One oi tbe most essential factors in 
cessful skin grafting is applying the dressing with the correct meenfin- 
leal pressure cm it and maintaining it In place. The routine use 
damp marine sponges (or some other medium) for obtaining ■ eias 
pressure, incorporated in the original dressing of a skin graft, 
important as any single step In the operation. Tbe sponge it*** 1 ® 
not supply the pressure but must be held accurately in place ana 
accurate tension by the bandages. 3, * , 

Joint movements about grafts must be restrained by bulky dresemgs 
or by wood or plaster splints. 


After-Care. — Good gentle mechanical cleansing fa important from 
the start. If time can be taken for it, actinic radiation at the time 0 1 
each dressing may have a beneficial effect on healing. The dressing w 
removed and all grease is cleaned from the area. The graft and sm> 
rounding area are then exposed directly to the quart* light. Usually 
the first dosage Is 1 minute at 36 inches. Tbe time Is Increased 1 mm* 
nte and the distance decreased 1 inch up to 10 minutes at jo Inches 
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Active movement about joints may be started when it is certain the 
graft can stand it Deep massage may help to loosen grafts from their 
oases and also help smooth them out if there Is a tendency to wrinkling 
from contracture of the base. There does not appear to be accurate 
data on the reasons for variations in the color of skin grafts. Although 
they rarely “tan” on exposure to actinic radiation, there may be some 
improvement in color (Figs. 7, 8, and n). 

Pedicle Flaps 

Physical therapy of a tedious sort may be necessary for pedicle flaps 
that have a slug gis h blood supply. Light massage with the finger tips 
along the flap three to six times every five minutes may help replace 
the Inadequate pulse, and, if this is carried out intelligently by the 
nnrse, an apparently doomed flap may be saved. The use of warm 
wet packs around the base of the flap is valuable; care should always 
be taken to avoid blistering, and it is best to have the packs tested and 
applied with the fingers rather than with forceps. 

Deep rotary massage of these flaps after they have been completed 
may free them well from the base, and here again actinic radiation 
may be tried for color improvement if the flap remains a dead white. 


Clett Lip and Palate 

Quartx-light treatment, local and general, has apparently been of 
great value in some cases that have not withstood operation well. 
For mild cellulitis and Infection of the lips, local radiation has proved 
especially beneficial. 

In infants and children it is necessary to keep the hands away from 
the mouth and light splints are used to prevent flexion of the forearms. 

Speech training Is almost as important for good speech as is repair 
°f the palate. With intelligent parents and patients this may be accom- 
plished at borne by following simple rules, but most patients do best 
m class or under the supervision of one who is trained in the work. 


Operative Trauma 

For swelling following operations (without infection) cold applica- 
wna simply applied are the most satisfactory. One caution about the 
k t0 avoid putting an ice-bag or any heavy application on an 
that is swelling, as a relatively light pressure may skat off the 
owxwf supply and necrosis will result. 


Infections 

“PPlicationj < m0i3t ° r dry) most fremenUy 
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anen be encountered, and since neither process is very well under- 
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tonic packs of sodium chloride, boric add, magnesium sulphate, or 
any desired antiseptic may be used. Then instead of being pulled off, 
they may be soaked free in the bath each day aod reapplied later. 

Quartz Light — Quartz-light treatment of these areas may well be 
combined in this as in any method of treatment General radiation two 
to four times a week will usually be ideal, although heavier radiation 
of local areas of persistent infection may be indicated. 

Exercises and Occupational Therapy. — General physical therapy 
in the form of active exercises of the hand, arm, or leg muscles is of 
great advantage. Any occupational therapy, especially with children, 
has frequently marked the turning point of recovery. The outside limit 
of activity is encouraged, even If this Is nothing more than the knitting 
of a wash doth or the cutting out of paper figures. The use of musical 
instruments or even encouragement to feed themselves may mate 
marked improvement (Figs. 7, 8, and 11). 

Skin Grafts 

Preliminary Preparation. — Tbe physical preparation of widely 
denuded areas for skin grafting Is essentially as outlined under Exten- 
sive Burns. For chronic ulceration of the legs, rest in bed for 
one to three weeks may be advisable, and may In itself be the main 
dement in a successful skin graft. Added to this there may be devatitm 
or elastic bandaging for the support of the blood column. If the patient 
remains ambulatory, some type of hypertonic dressing plus a sup- 
portive dressing Is necessary. Quartz light used locally over infected 
surface areas may be of great benefit 1 (Figs, ra and 13). 

Fixation of Dressings. — One of tbe most factors In suc- 

cessful skin grafting is applying the dressing with the correct mechan- 
ical pressure on It and maintaining it in place. The routine use of 
damp marine sponges (or some other medium) for obtaining elastic 
pressure, Incorporated in the original dressing of a skin graft, is as 
important as any single step in the operation. The sponge itself does 
not supply the pressure but must be held acc urately in place and at 
accurate tension by the bandages. 3, * 

Joint movements about grafts must be restrained by bulky dressings 
or by wood or plaster splints. 

After-Care. Good gentle mechanical cleansing Is Important from 
the , Bt F L j f 11111(5 ^ be taken for It, actinic radiation at the time of 
each dressing may have a beneficial effect on healing. The dressing is 
removed and all grease is cleaned from the area. The graft sad sur- 
rounding area are then exposed directly to the quartz light Usually 
the first dosage is 1 minute at 36 Inches. The time Is increased 1 min- 
ute and the distance decreased 1 Inch up to 10 minutes at 20 inches. 
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Repair of Surface Losses of Hands 

For the contraction that occurs under some skin grafts and tends to 
wrinkle them, we have occasionally found good relief by the use of 
light exposures of radium, preferably given as soon as the wrinkling 
becomes apparent. 


X-ray and Rad run Lesions 

The underlying pathology Is a destruction of the collagen and an 
endarteritis of the finer vessels. This is followed by a telangiectasis 
of tbe capillaries, which may later become thrombosed, keratosis of 
the epithelium, and occasionally transition to carcinoma. Since the 
exciting cause is the x-ray or radium ray, it would seem inadvisable 
to employ sunlight, quart* light, or further x-ray or radium ray in the 
treatment of these lesions. However, all the above forms of radiation 
have been advised and tbe practice Is mentioned here only to call 
attention to its apparent uselessness. The only solution to the problem 
of relief of badly or widely involved areas is total destruction by 
electrocoagulation or electrodesiccation, by tbe actual cautery, or by 
sharp dissection. It is preferable to excise wide areas and this usually 
calls for some method of surface repair, such as the shifting of adjacent 
healthy tissue or the use of free skin grafts or pedicled flaps. 

Repair op Surface Losses op the Hands 

Tbe loss of surface covering of the hand results from innumerable 
types of accidents but most frequently from burns. One of the most 
crippling deformities results from Injury from household mangles, in 
whkh there are both a severe burn and a crush. Early determination 
of the extent and depth of destruction is very important in these cases, 
and where there is any appreciable extent of skin loss, steps should 
be taken immediately to clean the wounds and to cover the defects 
^kible thickness. If there is destruction of the full 
thickness over tbe dorsum of the hand and fingers and if some form 
°!j? I ^ CCtEn * treatment is Instituted in which crusts form on tbe wound 
and slowly separate, ultimate healing may occur by spontaneous epi- 
thoixation. However, the attendant infection and scar tissue formation 
about the joint capsules and tendons will bo limit motion that normal 
™«ion may never be obtained. Losses on the palmar surface of the 
and fingers do not often result in such permanent damage be- 
^s«the heavy subcutaneous tissue protects the joint capsules and 
10 fl marked extent The surface scar may be extensive, but 
^^hy when It Is released the tendons will give and the Joints will 

Preoperntive Period— Spuntino.— During the period ot waiting 
^reconstructive operations, coned Minting and dressing are !m- 
unt - ™reme secondary contractures in either fieri oo or extension 
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stood, arguments on both sides may be given for the use of one over 
the other. As a general rule, heat is probably most effective and is most 
kindly received by the patient for swelling from Infection, while cold 
is better for swelling from trauma. 

For erysipelas and similar types of Infection that occur about the 
head and face during the process of repair of a defect, hot hypertonic 
applications are used routinely. X-ray radiation in the form of light 
exposures may be used and excellent results are obtained In many 
Instances. 

Chronic furunculosis or pimple formation Is a definite contraindi- 
cation for the plastic repair of any defect because It Is an expression 
of low resistance in general and because the organism, being ready 
to contaminate any field, may set up an active Infection in the opera- 
tive field Itself. Along with other general treatment measures, either 
x-ray or actinic radiation will be found very useful In clearing up this 
skin condition. 

_ Scars 

As soon as the wound has healed in some Instances, active physical 
therapy may be started to relieve the scar defect. Excellent results may 
be obtained by the use of actinic radiation, followed by heat (usually 
dry, os from a large electric light bulb or an infra-red baker). After 
this, prolonged gentle massage Is given. Heat Is applied over the scar 
for 5 to io min. Then a lubricant (cocoa butter, for example) 
applied and the trained technician starts a gentle stroking massage. 
As the wound becomes older and therefore firmer, the strength of the 
massage is Increased and should consist of both stroking and kneading- 
The m assage should last for at least 30 min. If possible, It should be 
repeated dally for the first two weeks and then applied every other 
day until the scar has been loosened and Its deforming appearance 
overcome, or until no further progress is made. 

Surface scars occurring in suture lines or around the edges of grafts 
present the greatest hindrance to acceptable surgical restorations about 
the face. It seems that they occur most frequently where they are le® 3 
desired. Plump or fat children or young adults are the most susceptible, 
probably because of tenseness and thinness of the akin from distention 
of the subcutaneous fat. Infection in the suture line during healing, 
cuts, and incisions across the lines of skin tension, and poor approxi- 
mation are, of course, contributing causes. 

Of the many physical agents directed against these scars, radium 
seems to offer the best help. Capsules of 25 mg. of the element with 
a screening of 1 mm. of silver and 1 mm. of robber applied along 
the scar for one to one and one-half hours frequently suffice. The 
dose may be repeated once or twice If it seems advisable. 

Deep scarring does not respond well or uniformly to radiation, and 
applying the rays through any considerable thickness of tissue to affect 
deep scarring Is a questionable procedure. 
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Repair of Surface Lowe* of Hands 

For tire contraction that occur* under some skin grafts and tends to 
wrinkle them, we have occasionally found good relief by the use of 
light exposures of radium, preferably given as soon as the wrinkling 
becomes apparent. 


X-ray and Radium Lesions 

The underlying pathology is a destruction of the collagen and an 
endarteritis of the finer vessels. This is followed by a telangiectasis 
of the capillaries, which may later become thrombosed, keratosis of 
the epithelium, and occasionally transition to card noma. Since the 
exciting cause is the x-ray or radium ray, it would seem inadvisable 
to employ sunlight, quartz light, or further x-ray or radium ray fn the 
treatment of these lesions. However, all the above forms of radiation 
have been advised and the practice is mentioned here only to call 
attention to its apparent uselessness. The only solution to the problem 
of relief of badly or widely involved areas is total destruction by 
electrocoagulation or electrodesiccation, by the actual cautery, or by 
sharp dissection. It is preferable to excise wide areas and this usually 
calls for some method of surface repair, such as the shifting of adjacent 
healthy tissue or the use of free skin grafts or pedided flaps. 

Repair or Surface Losses of the Hands 

The loss of surface covering of the hand results from Innumerable 
types of accidents but most frequently from burns. One of the most 
crippling deformities results from injury from household mangles, in 
*hlch there are both a severe bum and a crush. Early determination 
of the extent and depth of destruction Is very important In these cases, 
where there is any appreciable extent of skin loss, steps should 
be taken immediately to dean the wounds and to cover the defects 
with tissue of suitable thickness. If there is destruction of the full 
thickness over the dorsum of the hand and fingers and if some form 
°> expectant treatment is instituted in which crusts form on the wound 
wd slowly separate, ultimate healing may occur by spontaneous epi- 
theUiation. However, the attendant infection and scar tissue formation 
“Jout the Joint capsules and tendons will so limit motion that normal 
may never be obtained. Losses on the palmar surface of the 
haads and fingers do not often result In such permanent damage be- 
the heavy subcutaneous tissue protects the Joint capsules and 
ifi? 3 10 a maf ked extent. The surface scar may be extensive, but 
w hen h is released the tendons will give and the joints will 

open. 

for >rCOpCrMive Period — S punting. — Ihiring the period of waiting 
reconstructive operations, correct splinting and dressing are im- 
rt * nt - Extreme secondary contractures in either flexion or extension 
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stood, arguments on both sides may be given for the use of one over 
the other. As a general rule, beat is probably most effective and is most 
kindly received by the patient for swelling from infection, while odd 
is better for swelling from trauma. 

For erysipelas and similar types of infection that occur about the 
head and face during the process of repair of a defect, hot hypertonic 
applications are used routinely. X-ray radiation in the form of light 
exposures may be used and excellent results are obtained in rainy 
instances. 

Chronic furunculosis or pimple formation is a definite contraindi- 
cation for the plastic repair of any defect because it is an opreswoo 
of low resistance in general and because the organism, being ready 
to contaminate any field, may set up an active infection in (be opera- 
tive field itself. Along with other general treatment measures, either 
x-ray or actinic radiation will be found very useful in clearing up this 
skin condition. 

. Scabs 


As soon as the wound has healed in some instances, active physical 
therapy may be started to relieve the scar defect Excellent results raay 
be obtained by the use of actinic radiation, followed by heat (usually 
dry, as from a large electric light bulb or an infra-red baker). After 
thi*, prolonged gentle massage is given. Heat is applied over the scar 
for 5 to 10 min. Then a lubricant (cocoa butter, for example) is 
applied and the trained technician starts a gentle stroking massage. 
As the wound becomes older and therefore firmer, the strength of the 
massage is increased and should consist of both stroking and kneading. 
The massage should lait for at least 30 min. If possible, it should be 
repeated dally for the first two weeks and then applied every other 
day until the scar has been loosened and its deforming appearance 
overcome, or until no further progress is made. 

Surface scars occurring In suture lines or around the edges of graiti 
present the greatest hindrance to acceptable surgical rettorations about 
the face. It seemi that they occur meat frequently where they are least 
desired. Plump or fat children or young adults are the most susceptible, 
probably because of tenseness and thinness of the skin from distention 
of the subcutaneous fat. Infection in the suture line during healing, 
cuts and Incision* across the lines of skin tension, and poor approxi- 
mation are, of course, contributing cause*. 

Of the many physical agents directed against these scars, radium 
seems to offer the best help. Capsules of 25 mg. of the element with 
a screening of 1 ram. of silver and r mm. of rubber applied along 
the scar for one. to one and one-half hours frequently suffice. The 
dose may be repeated once or twice ff it seems advisable. 

Deep scarring doe* not respond well or uniformly to radiation, and 
applying the ray* through any considerable thlckne** of tissue to affect 
deep scarring Is a questionable procedure. 
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For the contraction that occurs under some skin grafts and tends to 
wrinkle them, we have occasionally found good relief by the use of 
light exposures of radium, preferably given os soon as the wrinkling 
becomes apparent. 


X-RAY AND RADTim LESIONS 

The underlying pathology is a destruction of the collagen and an 
endarteritis of the finer vessels. This i3 followed by a telangiectasis 
of the capillaries, which may later become thrombosed, keratosis of 
the epithelium, and occasionally transition to carcinoma. Since the 
exciting cause is the x-ray or radium ray, it would seem inadvisable 
to employ sunlight, quartz light, or further x-ray or radium ray in the 
treatment of these lesions. However, all the above forms of radiation 
have been advised and the practice is mentioned here only to call 
attention to its apparent uselessness. The only solution to the problem 
of relief of badly or widely involved areas is total destruction by 
electrocoagulation or electrodesiccation, by the actual cautery, or by 
sharp dissection. It Is preferable to excise wide areas and this usually 
calls for some method of surface repair, such as the shifting of adjacent 
healthy tissue or the use of free skin grafts or pedicled flaps. 

Repair or Surface Losses or the Hands 

The loss of surface covering of the hand results from innumerable 
types of accidents but most frequently from burns. One of the most 
crippling deformities results from Injury from household mangles, in 
*hich there are both a severe bum and a crush. Early determination 
of the extent and depth of destruction Is very important in these cases, 
*md where there is any appreciable extent of skin loss, steps should 
oe taken immediately to dean the wounds and to cover the defects 
with tissue of suitable thickness. If there is destruction of the full 
thickness over the dorsum of the hand and fingers and if some form 
°f* 1 P cc tant treatment is instituted in which crusts form on the wound 
and slowly separate, ultimate healing may occur by spontaneous epi- 
theuzation. However, the attendant infection and scar tissue formation 
^h°nt the Joint capsules and tendons will so limit motion that normal 
section may never be obtained. Losses on the palmar surface of the 
and fingers do not often result in such permanent damage be- 
^»e the heavy subcutaneous tissue protects the joint capsules and 
“dons to a marked extent. The surface scar may be extensive, but 
when it is released the tendons will give and the Joints will 

open. 

Prwptritive Period— StmcTTNa.— During the period oi waiting 
recotatrartivn operation!, correct splinting and dressing are im- 
^' L “deme secondary contractures in either flexion or extension 
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deformities and even In subluxation of the phalangeal joints may be 
largely avoided by gentle dressing in simple splints with the fingers ex- 
tended or flexed as indicated. If there is loss between fingers, they 
should be held apart with even a simple piece of gauze used ts a splint. 
Too often where most of the skin of the hand has been lost (the u de- 
gloved hand,” os used in English literature), the final result is a 
scarred mass with thin scar epithelium continuous over ail the fingers 
and with function practically nil. This same thing happens fa losses in 
the cubital fossa and in the axilla where the forearm is allowed to 
attach itself to the arm, and the arm, to the chest wall. 

Saline Bath. — If the patient is given a warm sab'ne bath and * 
small rubber ball or sponge to handle for one to three hours a (fay, he 
will probably greatly overcome the tendency to deformity. As the 
wounds become clean, gentle massage and passive motion may « 
added while the hand is in the warm saline soak. 

Postoperative Period. — After operation, in which binding scars 
have been excised or released, perhaps joint ligaments have been cm 
and there has been surface restoration of suitable thickness, a new 
drive for function must be made, and physical therapy is often pm 
to a severe test. 

Splinting. — Splinting fa still Imperative to overcome joint, joint 
capsule, and tendon deformity. The main criterion fa whether the 
thumb can be apposed to the fingers, and the next fa whether suitable 
flexion of the fingers for gripping can be established. In pra ctica lly 
all cases the wrist should be cocked up if there is any involvtmen 
around it As a working basis, the splints employed by Drs. Kxnavd, 
Koch, and Mason may be taken as a standard. 

Massage. — Massage can usually be begun early and should he 
carried out intelligently over long periods of time. Fifteen to thirty 
minute# once or twice each day may be used if the force is carefuD) 
graduated. The massage may be given during periods of dry heat, or 
following hot wet baths, and the working time each day may thus be 
reduced. When joint motion fa limited, an important addition to tfmpw 
massage fa to move the joint through its fuD range of motion ana to 
maintain it fa its extreme flexion and extension with gentle force for 5 
to 15 min. at a time. Real pain should not be caused, but the force 
should be stopped just as discomfort fa noticed. Instead of beingaj- 
iowed to relax completely, the joint should be maintained in this por- 
tion, and usually in a few moments some further slight relaxation may 
be obtained. 

Exercises. Muscle- training exercises may be begun fa the simple 
fashion of closing the hand on a rubber sponge or nail, and activity 
may be Increased rapidly. 
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Joints and tendons in children respond rapidly and a normal child 
is likely to adopt the best possible activity if he is given the oppor- 
tunity of interesting play (Fig. n). 

Occupational Therapy. — Occupational therapy, by supplying the 
mechanical means and the trained instruction in gross and fine activi- 
ties, can frequently cause the patients to mate rapid strides. A general 
idea of the problem must, of course, be given to the therapist by the 
surgeon, together with careful instruction as to the greatest activity 
desired. If the trained instructor adds her knowledge of diversion to 
the training, better purposeful results may be expected, and articles 
of real value may be made by even small children (Figs. 7 and 8). 
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CHAPTER THIRTEEN 


PHYSICAL THERAPY IN AMPUTATIONS 
C. C . Yount, M.D. 

In this chapter the amputation stump will be discussed as a func- 
tioning member primarily. Surgical aspects will be considered only 
insofar as they have bearing on function. In amputations of the lower 
extremity, all stumps, except certain partial foot amputations, require 
a prosthesis. The stump is a lever which swings the prosthesis in the 
act of walking, and thus efficiency of that lever depends upon many 
factors other than the mere surgical soundness of the end of the 
stump: i.e., muscle power in the extremity, condition of joints adja- 
cent to the stump, etc. Not only should a stump be so planned that its 
function will be as efficient as possible under the surgical condition 
demanding the amputation, but all means of treatment should be 
utilized to Improve and hasten its early functional use. Certain forms 
of physical therapy are of great value in the preparation of the stump 
for early and efficient function. 

The need of physical therapy treatment is, of course, greater when 
healing Is delayed on account of Infection and other causes, in which 
case the prolonged inactivity leads to atrophy of the extremity and 
a tendency to the development of Joint contractures. 

The “stump end” (end of stump to first joint) is the weight-bear- 
ing portion of the stump in below-knee amputation, and the extrem- 
ity proximal to the stump end must function as the propelling force 
for the stump end as well as for the prosthesis. The latter averages 
*hout five and one-half pounds in weight It is quite evident, there- 
fore, that the proximal part of the extremity must have normal or, 
better, above normal power and range of movement, whereas the 
•tump end must inevitably undergo pressure atrophy and must de- 
v f*°P weight-bearing tolerance. To state It briefly, then, the aim of 
Physical therapy is to hasten the inevitable shrinkage; to develop 
fright -bearing tolerance In the stump end, at the same time prevent- 
ing atrophy and deformity; and to develop power in the proximal part 
of the extremity. 


Stumps That Heal Without Complications 

In amputations of the lower extremity in which primary healing 
Ween place and in which there have been no complications of 
any klod, actual functional use of the stump can be safely started 
m Q tem porary prosthesis from four to six weeks after healing 
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Stumps Without Complications 

of the wound is complete. Considerable difficulty in having this part 
of the program of treatment carried out will be encountered if the 
surgeon does not have facilities at his disposal for supplying the 
temporary prosthesis. Most commercial limb-fitters will instruct the 
patient to wait until the stump has "shrunk” before fitting a finished 
appliance. It Is obvious that, during the period of stump "shrinkage,” 
atrophy is also taking place in the relatively inactive extremity, prox- 
imal to the stump end. 

The following routine should be followed In this group of cases: 
Elevate the stump immediately after amputation to lessen swelling 
and the possibility of hemorrhage. Do not disturb the elevated posi- 
tion for about four days. On the fifth day, remove the stump from 
the elevated position and passively move the adjacent Joints. Repeat 
this each day until the wound is healed. After healing Is complete, 
have the patient move all joints in the stump extremity through their 
full range once daily. Apply a flannelette or some type of elastic 
bandage so as to exert gentle compression of the stump in order to 
prevent swelling and edema and to begin the process of shrinking, 
whkh later must be more vigorously pushed. 

Walking with crutches should be started as soon as the general 
condition of the patient and the surgical condition of the wound will 
permit Massage of the unaffected extremity Is not necessary In this 
group, but massage of the stump leg should be started about the tenth 
day and should be continued daily until the temporary prosthesis is 
fitted. This massage should be nutritional in type (see Chap. 14), 
the aim being to maintain muscle tone and to prevent the atrophy of 
disuse. There is little need for massage in this group after functional 
use of the stump leg is started. 

Compression bandaging of the stump should be continued until 
Pressure atrophy is well advanced — i.e., until the stump is ready for a 
final prosthesis (Figs. 17, 18, 19). Bandaging at first should be done by 
the surgeon or an instructed attendant A flannelette or other type of 
tiastk bandage should be applied in the following manner: First, 
several folds of the bandage should be pressed over the end of the 
stump so that slight compression of the end and sides will result Then 
circular bandaging should be begun, starting at the very end and 
gradually compressing the stump circularly as succeeding folds of the 
k^dage are moved proximally. The compression bandage should not 
oe carried beyond the first joint; furthermore, it should not impede 
■[*5 an d full movement of the joint After the bandage is applied, a 
ght woolen stump sock should be pulled over the bandaged stump 
o prevent disarrangement of the bandage. The am put i himself should 
~ 5tracte d in handaging his stump. After an appliance has been 
tw and the am put l has been instructed in the proper use of his 
•PPhance, there Is little need for physical therapy, as functional use 
cornplete the atrophy of the stump end and will quickly de- 
the proximal part of the stump. 
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INFECTED AMPUTATIONS 

Cases In which healing has been delayed, because of infection or 
for other reasons, offer conditions which demand early coSrdinatfon of 
surgery and physical therapy. For this reason it seems advisable to 
summarize stump pathology and surgical treatment of the infected 
stump in order to point out the essential physical therapy which 
should be administered in various forms during the progress of sur- 
gical treatment 

Primary Sagittal Amputation. — Experience gained in the wir 
shows that primary amputation in the presence of severe infection *t 
the rite of injury, leaving the end of the stump wide open for drain- 
age, should also be done in dvil life under similar conditions. In 
wounds in which there fa irregular laceration of the tissue, the am- 
putation need not be done exactly sagit tally but may be done quite 
Irregularly, merely by removing all tissue which seems to be definitely 
avascularized. For instance, if one side of the leg were shattered, tew- 
ing a long flap of viable tissue on the opposite side, it would be wefl 
to save an ample part of the viable flap, even though the amputation 
line would be quite Irregular. In all cases, as much bone length as possi- 
ble should be saved at the primary amputation (Fig. io). 

Pathology Referable to Bone. — Osteomyelitis. — The process of 
sequestration and Involucralixation, with associated low-grade infec- 
tion of the adjacent parts, does not differ materially from osteomye- 
litis under other conditions, except that drainage is, perhaps, more 
thorough because It is terminal (Figs. 3-6). * 

ffTiis terminal osteomyelitis fa one of the chief causes of long-de- 
layed healing, and requires roentgen ographic study and spedal treat- 
ment before secondary final plastic operations can be successfully done. 

The most common type of sequestrum seen fa ring-shaped, 
about one and one-half centimeters in thickness. It fa occarionanyec 
croached upon and often more or less concealed by excessive bone 
production extending down from the bone cortex. In some instances 
It is seen to be practically encapsulated by new bone formation wi 
a small sinus leading through the latter. In such cases lang-driayej 
healing is to be expected, so that It is advisable to remove sufficient 
of the encircling new bone to permit the soft parts to fall In ana 
obliterate the dead space. 

Excessive terminal bone production In guflJo tined stumps fa the 
rule. The most common form seen fa an irregular mushroom formation 
with a tendency to spurs on the inner aspect of the femur. Occariooifly 
sharp exostoses, often sharp enough and long enough to cause suffiaem 
pain to warrant their removal, are seen. It fa well not to interfere with 
the terminal bony production unless sequestra are embedded or con- 
cealed in it. 
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Interosseous bony union occurs both in the forearm and leg. In 
the former, operative interference is indicated only if the forearm 
stump is long enough to preserve pronation and supination. Treat- 
ment consists in removing the connecting bony overgrowth and the 
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interposition of muscle. In the leg this condition is helpful rather than 
detrimental. 

Inequality In the lengths of the bones In amputations of the fore- 
arm and leg occasionally demands correction. In leg amputations it 
is preferable, for prosthetic reasons, to have the fibula approximately 
two centimeters shorter than the tibia. In children one should always 
amputate the fibula from two to four centimeters above the tibia, be- 
cause of the tendency of the fibula to grow at a greater rate from the 
upper epiphysis than the tibia. In certain short below-knee stumps U 
is possible at the primary amputation to save several Inches of fibula 
but a much smaller amount of tibia. In this case, of course, there 
should be no sacrifice of fibula. 

Pathology Referable to Soft Parts. — Redundant soft parts ire 
occasionally seen. This Is usually due to late necrosis of bone or to 
extensive comminution of bone without equal damage to the soft 
parts. In the latter instance it Is best to save all viable soft parts at the 
primary amputation, as thereby the later plastic surgery may be greatly 
facilitated. Except in certain instances, where there has been extensive 
comminution of bone, redundant soft parts ore prima jade evidence 
that more bone has been sacrificed than was necessary. The secoodary 
removal of soft parts for surgical or prosthetic reasons should not be 
dedded upon until the necessity for, and the possibility of, utilMng 
them in connection with osteoplastic methods to increase the length 
of the stump have been considered. Bone grafting to increase the 
length of the stump is a well • recognized and valuable procedure and 
is especially applicable to short below-knee stumps. 

Tender nerve ends are seen roost frequently In amputations of the 
upper extremity, and occasionally in those of the lower extremity. 
They seldom make themselves manifest until an appliance has been 
worn, so that in the treatment of unhealed stamps it is safest to as- 
sume that every nerve which is palpable may give trouble, and its 
treatment Is Indicated at the time of secondary plastic procedure. 
Simple high division after crushing and ligate re seems to give results 
as good as those obtained with more elaborate neuroplasfic 
methods. 


Preoperative and Nonoperattvk Treatment of Infected S ruin's 

In a preliminary report of experiences in treating the first five hun- 
dred amputations at Walter Reed Hospital, the author advocated an 
t. rVa 1 l VC P 0 ^ in the surgical treatment of unhealed stomps. 
It seemed at that time that, by the use of skin traction and other non- 
measures, healing could be obtained in a reasonable time, 
^*\'E ata S2 operatlve surgery of the stump could be dispensed 
Wlth ^ of “«*- Subsequent exp«W flamed flat « 

wes possible to obtain complete healing in guillotined and other in- 
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fected stumps, but that a very long lime was required, and that the 
resulting scar was not sufficiently tolerant to the usual traumas ol nn 
appliance to be practical It was also found that many either actually 
required an alteration in site or that a limited amount of bone could 
be removed without damaging the stump from a functional viewpoint, 
so that, finally, plaatlc methods designed to obtain a firm closure with 
freely movable stln were employed usually before dcatriaation was 
complete. 



■u. 7.— Stump trwakm In rtcnmbency. The xdbafYr itrap* vbkh extend from the 
Bump to th* rli* ihoold be to pbced Utat the fijpi »ID tend to cctfpt mhen traction h 
■adi tpon the ilia. The polfcy ihoold be wnnyed to that it can be lowered «od raised 
at wm, ta order grichialty to combat flexion deformity. The foc< of the bed ihoold be 
rxkwi rfx Inches. Tha amount of weight can beat b« determined by obstrrfnj the poll 
rath# rtmnp ifter wrijrht b atyHed. Stamp traction should not be to Kronj that 
It *®dancy b crated at the en d In cx»e jtump traction b desired vtth th« patient 
t f ai »btOTy, a thort Thomas ipflnt may be tubtmntad for tbe apparatm ihown in thb 
Mart. 

Preoperative Routine. — Surgical Rest. — The Importance of sur- 
gfcal rest in the treatment of large infected stump wounds cannot be 
too strongly emphasized. Nothing is gained in hastening prosthetic 
treatment to the point of applying temporary pros theses before tbe 
*tnrnp can be considered surgically sound. In the majority of cases it 
a best to treat all cases requiring secondary surgical procedures in 
recumbency until wounds are in the desired condition for operation, 
it has been noted repeatedly that wounds which remained practically 
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stationary under ambulatory treatment would promptly beal in re- 
cumbency. 

Skin Traction. — Skin traction is used routinely both In recumbent 
(Fig. 7) and ambulatory treatment (Fig. 9). In the former case, 
direct extension is accomplished by means of adhesive strapping, or 
with a pulley and weight*, and in the latter, by means of counter- 
extension with a modified Thomas splint. 

Traction is, of course, moat effective ff applied immediately after 
amputation. Its effect then Is actually to reduce the extent of the 
uncovered area. If it has not been applied early, and 1 / the skin has 



J\*°: Strap ^tendon a nxxflfed Tbomn tort ipflnt. A Then** 

*pDnt It cut down tod a 9- in. *qu»r» riveted to the tide hart it In. ber«d 

^ 5 trdc of tomrinam b attarfwd br gatue and 10 !+£ 

?' S* *? ■» ‘o l* « b. dbtai to ti* cut wrficc. iitaulM b macb from ^ 2 

****** w robber baod*. Tbe iqoarr KU u 1 pedotil «** 
***** for the atudunent of the otemlom. (Adapted bom Sfadatr.) 


be«j allowed to retract and to become adherent to tbe edges of the 
unhealed area, traction does not tend to reduce the unhealed area 
materially , out It relieves tension at the edges of the ulcer, thus favor- 
ing healing. It la particularly helpful in subsequent plastic ope rati era 
* kta ™*e redundant In ion cases in wjWh 
(bore a wide retraction of the akin In short stumps, it seems best 
to diss«t the skta free mi then apply traction for a time before 
attempting a final plastic closure. Tbe Influence of atump traction in 
the prevention of Joint contractures is obvious. 
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Wound Antisepsis, — The Carrel-Dakin routine treatment should 
be used in all infected stumps ns long as the unhealed area Is large, 
concave, and discharging pus freely. 

Massage. — Massage of the terminal part of the stump Is beneficial 
in several ways. In healed stumps with small scar areas adherent to the 
bone, much can be accomplished toward loosening the scar and improv- 
ing its circulation and thus increasing its tolerance to trauma. In un- 
healed stumps, massage of the skin adjacent to the scar area assists in 
removing edema and generally improving the circulation as well as In 
rendering the akin free and more redundant preparatory to the final 
plastic surgery. 
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Attention to Adjacent Joints.- — At each dressing the stump should 
I rooVe ^ fully in the opposite direction to that In which a contracture 
most likely to develop. Insofar as It is possible, the recumbent posi- 
on of the patient and the adjustment of traction should be such that 
7 ? contractures will tend to be prevented. (Special treatment 
r ^achjotnt will be mentioned In the discussion of Amputations and 
Ahdr Prosthetic Requirements.) 
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Secondary Stump Surgery. — Attempts to perform final plastic 
closures of Infected or guillotined stumps soon after the Injury result 
In a high percentage of failures. The most important factors In the 
failures are: (i) the poor general condition of the patient following 
the more or less severe trauma and the subsequent emergency opera- 
tive and postoperative treatment; and ( 2 ) latent Infection, which 
is present not only in the terminal granulating area, and, In many 
cases, In the terminal portion of the bone, but also in the lymphatic 
channels and lymph nodes, for a considerable distance proximal to 
the unhealed area. 

It is not justifiable to attempt plastic closures or rearoputfltions 
adjacent to the unhealed area until at least five or six months have 
elapsed from the time of the original fnjury. An attempt was made, in 
army hospitals during the Avar, to establish definite preoperative indi- 
cations by bacterial counts from the wound surface, but it was ap- 
parent that this method of control was not reliable, os It gave no 
Indication of the extent of latent Infection fn the lymphatic channel* 
further up the limb. It was found better to depend upon observations 
referable to the clinical appearance of the stump and the general con- 
dition of the patient. 

. As long as a stump remains swollen, boggy, and edematous, It will be 
found that there is latent Infection present which will defeat attempts 
at plastic closure (Figs. 1 and a). The disappearance of the ederm 
Is usually coincident with the improvement in the general condition 
of the patient and the local appearance of the unhealed area. Final 
closure should not be attempted until the skin and subcutaneous tissue 
are soft, dry, wrinkled, freely movable, and absolutely free from strep- 
tococcus and the field count Is reasonably low for other less virulent 
pyogenic organisms. 

Operative Treatment or Unhealed Cases 

Group I. — In this group are stumps in which a limited amount of 
bone may be removed without diminishing the ultimate functional 
value of the stump. 

The question of bone length requires careful consideration fn every 
case, and there are times when it is justifiable to preserve It by sacri- 
ficing ideal conditions In the soft parts. But, on the other hand, 
in perhaps the majority of the sagittal amputations, little Is tort 
m ultimate function by removing a limited amount of bone and much 
may be gained by the additional freedom allowed to eradicate more 
thoroughly the potential latent pathology in the terminal portion of 
the infected stump. Before attempting final plastic closure In cases in 
this group, ail indications previously pointed out regarding the proper 
time to operate should be present, except that the actual size of the 
unhealed area can be disregarded. 
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Method of Operating in Group I. — The unhealed area and the 
scar are completely covered with a gauze spoDge which has been 
saturated with tincture of Iodine. Incision is now made In healthy skin 
one-half centimeter from the edge of the scar. The incision should 
follow the general contour of the scar area and no attempt should be 
made to form specially designed flaps. The distal skin edge is clipped 
to the iodized gauze as the incision is being made, thus completely 
isolating the terminal infected area. The skin and scar are then dis- 
sected dis tally and separated from the muscle at the place where the 
muscles are attached to the bone. Usually this will be above the area 
of new bone production and well away from the unhealed area, usually 
one or one and one-half inches. Incise the periosteum just within the 
area of fibrous tissue which extends a short distance distal to the 
actual muscle fibers. Saw the bone at this point If the preoperative 
treatment has been properly carried out and the scar area is not exces- 
sive, It will now be possible, by careful disposition of the skin, to cover 
the end completely. If it is found that the available skin is not suffi- 
cient, additional bone or muscle may be removed. It is better to avoid 
cutting through tbe muscles and deep vessels. The nerves are found 
osually by palpation and should be pulled down and severed through 
a small longitudinal Incision In the muscles. The wound should be 
drained for 48 hours through a posterior stab wound. This type of 
drainage is preferable because: First, it gives tbe best drainage, being 
dependent; and second, in the event primary union Is not obtained, 
sufficient drainage is afforded through the posterior opening to prevent 
the Incision line from separating. Primary union in the incision line is 
often obtained and maintained in the presence of profuse purulent dis- 
ebarge, which is satisfactorily taken care of through the posterior 
drainage Incision. 

Group II. — In this group are stumps which are already too short 
and which will not permit additional sacrifice of bone. 

It is imperative that at least six to eight months have elapsed since 
the initial Injury and that in addition to the preoperative requirements 
already enumerated, the wound be completely cicatrized or that the 
unhealed area be very small and practically sterile. 


■Method of Opeeatin'o in Group II. — The scar should he cmn- 
Pkfcly removed. The bone should not be disturbed unless there are 
esnstoses which are likely to give trouble. Palpable nerves should be 
treated as described in Group I. The aim of the operation is, of course, 
to cover the stump completely with healthy, freely movable skin. This 
never possible without special plastic procedures. The 
* non » Wow-the-knee stump is tbe most common example of this 
Stwjp. Tbe limited amount of skin may be made more accessible in 
^ral way*: ( x ) by removing the fibula, (1) by removing the major 
portion of the muscles of the calf of the leg. A triangular section with 
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Secondary Stump Surgery. — Attempts to perform final plastic 
closures of infected or guillotined stumps soon after the injury result 
in a high percentage of failures. The most important factors In the 
failures are: (t ) the poor general condition of the patient following 
the more or less severe trauma and the subsequent emergency opera- 
tive and postoperative treatment; and (a) latent Infection, which 
Is present not only In the terminal granulating area, and, in many 
cases, in the terminal portion of the bone, but also In the lymphatic 
cha nn els and lymph nodes, for a considerable distance proximal to 
the unhealed area. 

It Is not justifiable to attempt plastic closures or reamputations 
adjacent to the unhealed area until at least five or six months have 
elapsed from the time of the original Injury. An attempt was made, fa 
army hospitals during the war, to establish definite preoperative Indi- 
cations by bacterial counts from the wound surface, but it was ap- 
parent that this method of control was not reliable, as it gave no 
indication of the extent of latent Infection in the lymphatic chann el s 
further up the limb. It was found better to depend upon observations 
referable to the clinical appearance of the stump and the general con- 
dition of the patient. 

. As long as a stump remains swollen, boggy, and edematous, it will be 
found that there is latent infection present which will defeat attempts 
at plastic closure (Figs, i and a). The disappearance of the edema 
Is usually coincident with the Improvement In the general condition 
of the patient and the local appearance of the unhealed area. Final 
closure should not be attempted until the skin and subcutaneous tissue 
are soft, dry, wrinkled, freely movable, and absolutely free from strep- 
tococcus and the field count is reasonably low for other less virulent 
pyogenic organisms. 

Operative Treatment of Unhealed Cases 

Group L In this group are stomps in which a limited amount of 
bone may be removed without diminishing the ultimate functional 
value of the stump. 

The question of bone length requires careful consideration In every 
case, and there are times when it is justifiable to preserve it by sacri- 
ficing ideal conditions in the soft parts. But, on the other hand, 
in perhaps the majority of the sagittal amputations, little is fast 
In ultimate function by removing a limited amount of bone and much 
may be gained by the additional freedom allowed to eradicate more 
thoroughly the potential latent pathology in the terminal portion of 
the infected stump. Before attempting final plastic closure in cases fa 
this group, all indications previously pointed out regarding the proper 
time to operate should be present, except that the actual slxe of the 
unhealed area can be disregarded. 
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Method of Operatino in Geo up I. — The unhealed area and the 
scar are completely covered with a gauze sponge which has been 
saturated with tincture of iodine. Indsion is now made In healthy skin 
oce-balf centimeter from the edge of the scar. The incision should 
follow the general contour of the scar area and no attempt should be 
made to form specially designed flaps. The distal skin edge is clipped 
to the Iodized gauze as the Incision is being made, thus completely 
Isolating the terminal infected area. The skin and scar are then dis- 
sected dis tally and separated from the muscle at the place where the 
muscles are attached to the bone. Usually this will be above the area 
of new bone production and well away from the unhealed area, usually 
one or one and one-half Inches. Incise the periosteum just within the 
area of fibrous tissue which extends a short distance distal to the 
actual muscle fibers. Saw the bone at this point If the preoperative 
treatment has been properly carried out and the scar area is not exces- 
sive, it will now be possible, by cartful disposition of the skin, to cover 
the end completely. If it Is found that the available skin is not suffi- 
cient, additional bone or muscle may be removed. It is better to avoid 
cutting through the muscles and deep vessels. The nerves are found 
usually by palpation and should be pulled down and severed through 
a small longitudinal indsion in the muscles. The wound should be 
drained for 48 hours through a posterior stab wound. This type of 
drainage is preferable because: First, it gives the best drainage, being 
dependent; and second, in the event primary union is not obtained, 
sumdent drainage is afforded through the posterior opening to prevent 
the indsion line from separating. Primary union in the indsion line Is 
often obtained and maintained in the presence of profuse purulent dis- 
charge, which is satisfactorily taken care of through the posterior 
drainage indsion. 


Group II.— In this group are stumps which are already too short 
and which will not permit additional sacrifice of bone. 

It is imperative that at least six to eight months have elapsed since 
the initial injury and that In addition to the preoperative requirements 
already enumerated, the wound be completely dcatrized or that the 
nnhealed area be very small and practically sterile. 


Method of Operating in Group IL — The scar should be com- 
pletely removed. The bone should not be disturbed unless the re are 
ezostoses which are likely to give trouble. Palpable nerves should be 
bested as described in Group I. The aim of the operation is, of course, 
to cover the stump completely with healthy, freely movable skin. This 
'’practically never possible without special plastic procedures. The 
,hort > Wow-the-knee stump is the most common example of this 
ffnxrp. The limited amount of skin may be made more accessible In 
«veral ways: (1) by removing the fibula, (a) by removing the major 
P°ttioc of the muscles of the coif of the leg. A trimgularsectfon with 
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tie base external gives the best skin mobilization. The muscular tissue 
directly attached to the bone should not be disturbed and care should 
be taken to leave sufficient blood supply; (3) by using the following 
methods of skin plastic procedures which have been found successful: 

1. Double lateral pedicle 

2. Double oval awing 

3. Single oval swing 

4. Distal pedicle transplant 

Group III. — This group Includes those cases in which sagittal 
amputations bad been done at a site considerably distal to the ultimate 
secondary site to be selected. Amputation through the ankle joint is 
an example. In this case, the Syme amputation could not be considered, 
a* sufficient soft parts are not available, so that the next choice of site 
would be through the junction of the middle and lower third of the leg. 
Other examples would be sagittal amputations one-half inch below the 
knee joint, requiring a formal transcondylar amputation. 

In this group it is possible largely to disregard pathology referable 
to the terminal part of the stump and to proceed with the final amputa- 
tion much earlier than In the other groups. In all cases, however, it is 
advisable to adhere strictly to the rules regarding delay until the gen- 
eral condition Is sufficiently improved to withstand a major surgical 
procedure and to those regarding edema ol the soft parts and associ- 
ated lymphangitis and lymphadenitis. The treatment In this group is 
formal reamputation. 

Operative Treatment in Group III. — A reamputation Is equiva- 
lent practically to a primary amputation under Ideal conditions, and 
necessarily Involves careful consideration regarding the site and its 
influence upon the ultimate functional result. The value of a stump in 
terms of function can be correctly estimated only when the stump and 
its prosthesis are considered as a complete functioning unit It follows, 
then, that In order to choose the proper site one must consider care- 
fully the comparative value of prosthetixed stump®. 


Amputations and Their Prosthetic Requirements 

Lower Extremities. — Partial Amputations of Foot. — Amputa- 
of toes, metatarsophalangeal amputations, and transmetatarsal 
amputations result In good function. All the length possible should be 
saved. It is a mistake to do a textbook amputation If more bone can 
be saved than is specified in the classical type of amputation. All bone 
taigth possible should be saved in the metatarsus. It is justifiable to 
to. preserve bone length In the metatarsus at the expense of 
Perfect skin covering and Immediate sound healing. All such cases 
require a distal pedicle transplant later, but the delay and the extra 
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surgery necessary are well compensated for in function. A scar on the 
foot healed by granulation, directly overlying bone, will Inevitably 
ulcerate and cause Intermittent disability. Every effort should be made ' 
to obtain a dorsal linear scar, with the ends of the bones well covered 
with a plantar flap. The use of the distal pedicle transplant will 
obviate the necessity of reamputating partial foot stumps with m 
intolerant scar. 

Us franc’s Amputation . — Lis franc’s amputation gives reasonably 
good function only in case dorsal flexion of the foot is preserved by 
anchoring the dorsal flexors of the toes to the ends of the bones. The 
same general surgical considerations apply here as described for meta- 
tarsal amputations. The only appliance necessary for this, as well as 
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for the former, Is a filler for the toe of the boot and a steel Inset in 
the sole to prevent turning up of the toe. 

Trans tar sal Amputation . — Trans tarsal amputation, distal to Cbo- 
part’i site, seems preferable to a formal Ch opart’s amputation, ** 
proper balance of the dorsal and plantar flexors of the foot is better 
preserved. However, the same prosthetic objections apply to th» 
amputation as to the Chopart. 

C ho part's Amputation.— Chopart’s or medlotarsal amputation 
usually results in poor function for surgical a* well as for prosthetic 
reasons (Fig. 11). 
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(a) The type of Injury requiring a Chopart stump seldom leaves 
juffldent plantar flap to permit the scar to be placed well on the 
dona! surface. 

(b) Equinus deformity of the stump eventually develops in spite 
of efforts to preserve foot balance by tenoplastic procedures. As 
equinus develops, the scar, which is usually terminal and poorly vascu- 
larited, is pressed upon, and end bearing, the greatest asset of this 
stump, must be forfeited. 

The stump Is too short properly to anchor the necessary fill in the 
forefoot, so that constant friction between the toe fill and the end of 
the stump takes place, usually resulting in ulceration and consequent 
disability. Lack of stability In the toe of the appliance prevents the 
necessary forward thrust in walking, so that slight limp Is Invariably 
present. In many’ Chopart stumps it is necessary to anchor the fore- 
foot by extending a steel rod to the ankle joint and connecting this by 
a joint to a Ue5 upright which is laced to the leg. This appliance 
requires a special shoe with a very unsightly ankle. 

The percentage of surgical successes In Chopart stumps is so low 
and the prosthetic difficulties so great that it is not a justifiable ampu- 
tation unless it Is intended that a simple elephant boot be worn con- 
tinually Instead of the articulated appliance. This point Is mentioned 
because there are undoubtedly cases in which occupational considera- 
tions should predominate over the esthetic. 

The Importance of preserving muscle balance in partial foot ampu- 
tations requires special attention. A plaster cast should be applied with 
the foot at right angles In slight inversion. The cast should be bisected 
so that It can be removed and replaced easily. Passive and active 
nwvement should be started as soon as healing is complete. The dorsal 
part of the cast may be used as a night splint for several weeks, during 
which time massage of the leg muscles is being carried out. 

Pbygoff't Osteoplastic Amputation . — The added risk of an osteo- 
P«tthc procedure Is not compensated for in any way, as the per cent 
uftotaJ end hearing in the Syme amputation is quite as high as in the 
fhogoff. The added length in the Pirogoff requires that the other shoe 
at least an inch to make up for the space required for the 
in kle movement in the appliance. This amputation is not recom- 
mended. 

Syme Amputation . — The chief advantages noted in the perfect Syme 
Imputation are that it Is total end bearing, and that the length of the 
"r “ a PPrtmmately preserved, so that the patient can walk in the 
without his appliance, and that either the straight boot or the 
Whence with an articulated foot can be worn with reasonably good 

ymn^ r f mateiy ’ F* r cent of perfect Syme stumps is not high. 

“ u * uaD y attributed to one or more of the following causes: 
mJJTm 0 ! *** Pkntar flap due to cutting the pedicle too narrow; 
“ displacement of the flap; sawing of the bones at a right angle 
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to the terminal axis of the tibia, rather than at a right angle to the 
long axis of the leg; making the bone section too near the joint to 
allow space for the mechanism of the artificial ankle. 

Functionally, a perfect total end-bearing Syme fa a satisfactory 
stump. The choice between this amputation and one at the ideal site 
In the leg involves on analysis of the occupation and habits of the 
patient. A laborer is better satisfied with the Syme amputation because 
be can wear a straight, nonarticulated boot during the working boors, 
and he Is less likely to be dissatisfied with the bulky, unsightly ankle 
mechanism when dressed up than a professional man, for example, 
would be. In women, leg amputation fa preferable to the Syme for 
esthetic reasons. 


Amputations or Lec.— X owr Third . — Nothing fa gained by the 
additional bone length In the lower third of the leg, as excessively long 
leg stumps interfere with proper shaping of the ankle portion of the 
artificial leg, and may actually interfere with the ankle mechanism. 
Poor vascularity fa the rule in the lower third of the leg. This results 
in poor or delayed healing or in ulceration later in life. # 

Junction of Middle and Lamer Third . — Amputation at tbe junction 
of the middle and lower third of the leg has proved to be the prefer- 
able site In the leg. Tbe essential points in technic are (i) long anterior 
and short posterior flaps, the scar line being postero terminal; (*/ 
suture of a thin flap of muscle and fascia over the bone ends to ptwem 
adherence of tbe skin to bone; (3) fibula divided one-half inch higher 
than the tibia; (4) beveling of the tlbial crest; (5) drainage wltf* 
necessary through a small stab wound in the middle of the posterior 

flap. . 

The appliance for this amputation fa simple, durable and shapely- 
If the fitting is proper, disability is scarcely discernible. Stump toler- 
ance to the appliance fa quickly acquired and the functional “ 
very gratifying to all concerned, 

In amputations of the leg above this Ideal level, every effort *t»aja 
be made to preserve all bone length possfble. When the tmoya 0 
bone length that can be preserved with good soft part covered “ 
three Inches or less, it is justifiable to sacrifice Ideal conditions « 
regards the soft parts, if bone length can thereby be i 

was generally conaldered, early In tbe last war, that it was not 
able to attempt to amputate below the knee If the amount of «ne 
length possible to be saved was less thnn three Inches. Suhse que 
surgical and prosthetic developments warrant a revision of thb 
ton. In these cases the leverage may be Increased to tbe point of utility 
by removing the fibula; cutting away practically aB of tbe muscular 
‘‘"“f on the bach of the stump; and severing tbe Inner hamstring- 
Special study and experimentation In tbe prosthetic treatment of soon 
stumps carried out at various clinics gives promise of Increasing tne 
functional utility ot stump, of not less than two Inches in length, so 



Prosthetic Requirements — Thigh ^vSuw* ill ^ 

that it seems best to defer reamputotion at a higher level until surgical 
attempts to Increase bone length or to increase leverage by other 
methods have failed. 

The prevention of knee flexion contractures requires special atten- 
tion In short, bdow-knee stumps. In addition to the usual measures, 
the following procedures are necessary in very short stumps: (a) 
Muscle or fasdal suture over the bone end should be done with the 



'ti—k rfmple wpport or kt-rat turd to rnpoort the let In below-hneo ttnpcrU- 
u °®*- The *n^>ort on which the k* rat* b nude of beavr metal coveted with leather 
attached by a Joint to a Wooden upright The wooden trorifht b in > 

ttiflt-op, wooden block which b treated to t wooden n**- The mppoet rat* 
f«hfc on which the patient He* and b covered with tterlW draperiei before the 
kj b pitted on It tt b ptaerd nnirr the lex, h»t belcrw the knee Joint bohjioj 
y *! fcdeodeti, irtv from the Uhie, mud b ictntibk on all aide*. It coir ba pticed 
“VWT Dp behind the knee in short below -knee itumpa. 

knte in full extension (most amputations below the knee are done with 
the knee flexed oc a sand bag or stump rest (Fig. 13)). (6) The biceps 
should be cut or, better, stripped up subperl oateally. (c) A cast or pos- 
terior splint or traction should be applied until healing is complete and 
muscle balance is reestablished. 

Amputations op Thioh. — If it is not possible to amputate through 
tiie leg two inches from the knee joint (bone length), the next best 
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site is the high transcondylar. This 

all osteoplastic amputations at or Immediately above the : Joan, 
and Iowtranscondylar amputations. All oi these are oo loa ; £afcm 
theuwiof the standard artificial knee action and 
and faulty mechanism outside the ciubllke 

tation (StokesCritti) offers nothing In ' hwdta fupe^r to ^ 

transcondylar to compensate for a rather In the high 

failures and the prosthetic 

trartscondylnr amputation, tba bone t ^Z(L Vis hmxuttm to k«p 
the condyles begin to merge with the shaft. It is l P° ^tUy 

within the spongy bone below the teridmh used- 

proper. A long anterior flap of skin and quadriceps iittriag 

Tbi scsx is placed treU to Tesults il 

surface. Surgical fadures are lew, and ,‘^J^eSfrd artlfehd 
practically all cases. Ample space is left to place the siauoui 

knee action In the proper place. rvtrv effort 

Above the site for the high transcondylar 

should be made to save all bone length ' popple i JS5f of from two 

below the lesser trochanter. All stumps having bom * # ThU b 

to four inches below the lesser trochanter Wjjr* PJ* always be made 
an objectionable feature so that a special effort having bone 

to preserve more than four Inches, If possible. ^ does not 

length of less than two Inches below the lesser of 

have sufficient leverage to operate the thigh appuan c b 0 5 C e 

the disposition of the soft parts adjacent to . t -ppllance. 

then Is to give a stump suitable for the so-called hlp-J dLsirtlcu- 
From a prosthetic and functional viewpoint the 
lation at the hip Is not preferable to amputation rnnrtallty b 

latter Is much more quickly and easily performed. of ^ 

lower and the resulting stump Is better adapted for tne pnmnlete 
appliance. Unless there are definite pathologic reason? ^ 

disarticulation, as in new growths, amputation through 

preferable. «i develop 

Contractures . — In the short thigh stump contractures aroputa- 
unless preventive measures are Instituted immediately ni , ^ 

tion. The usual deformity Is flexion and abduction. This it 

terferes markedly with good functional use of an appUanc£| 
is necessary to throw the lumbar spine into marked lordosis 
to put the artificial foot squarely on the ground. fnmdtv: 

The following measures ace effective in preventing this ^ 

(a) Surgery: The anterior and posterior groups of muscles 
sutured together and the fascia lata should be sutured to the 
group. This aids in preserving balance between the abductors ana 
ductors and gives a more effective terminal attachment for the 
maximus, part of which Is Inserted into the fascia lata, thereby tncre^j 
ing its mechanical advantage and enabling It to establish at least pama* 
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balance with the strong iliopsoas which has been undisturbed at its 
relatively high insertion Into the lesser trochanter. 

( b ) Physical therapy: As soon after the operation as the general 
condition of the patient will permit, he should be turned face down for 
at least one hour each day with a sand bag or hard pillow under the 
end of the stump, which is forced into hyperextension. If this is not 
possible, stump traction should be applied in such a manner that d- 
tension of the hip joint will be maintained. After the stamp is healed, 
passive and active movements In the direction of extension and adduc- 
tion should be done at the massage period, and at other definite 
periods (Figs. 13-16) daily until the stump is being used functionally. 
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The correction of long-standing flexion-abduction contractures is 
best accomplished by surgery, rather than by physical therapy alone. 
Division of the fascia lata, followed by vigorous stretching, manually 
and by mechanotherapy apparatus, will correct moderate degrees of 
flexion. In the more persistent ones, Scatter operation for hip flexion 
should be done. It will seldom be necessary to free the attachment of 
the iliopsoas, as the deformity is usually not a true flexion contracture. 




Extremity. — The rflle of the appliance In the fnnrtlrm.i 
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The patient wbohSh»,n.t^, as f ? rtor fa tht *I«i® 0 f rite, 
he wants to mast his disability and^s/w? 0p ? !i4 f“ (0 &«»"* 
functionally useful To hl« m ' 3 {_* Jecau5e he hopes ft will be 

It Is, indeed,7^ r T °^i.m? * ?** "» 1 

per cent of the indlviHnn). -.if. u e P ur Pose- Approximately 60 
do not find SSflTSSL^Jfer *“*"“**« *» «f a single' ,nn 
Inconvenience of wearing >hT 3l jS! da,l! y useful to compensate for the 
occasSwor esX^l,,^' ^^tion fs that they wear them 
sites are bLed upon th/u^^A^/ 0110 ™ 18 a>ndas,ms regarding 
volve n conafderahnn M l °* American prottheses, and do not in- 
carried o“ to Ztw?“ 1 J a ” d i maetlc esperimenW wort 
a* opportunity for -,h 01 i* f ? C2W aa ? v,ar * 0U5 fordgn dfnlcs since 1911, 
Pixrrumty for exhaustive study and evaluation of the results has 



titm center? in En eland ^ aut ^ lor visited all Important amputa- 

auspices of the ArneeS™ Germany, Austria, and Italy under the 
an evaluation of the ^ Cr p sa k order to observe and attempt 
and after the war O/fiw *j tU met h°d3 of treatment developed during 
files of the American r~j of this study are available in the 

xcan Ked Cross in Washfrurton.) 

Amputation j N ijav™ 7 

the trauma, nothing mnrr.’ £ n , mar > T sur gery Immediately following 
the devi tallied tissue* pj lha « dfijrldement, trimming 

lira of site bdn7toS{ h f?J ,fabIfa Wnfr thnmi >.h one* 

^ninr ,byf '™- “ 
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In the secondary surgery of the hand, radical alteration fn the site 
of amputation is seldom advisable. The usual conditions demanding 
treatment are sluggish, unhealed areas, associated with localized osteo- 
myelitis, or tender and adherent scars with tendency to deformity, 
especially when on the flexor surface of the joints. The latter condition 
usually demands special plastic procedures, in order that the scar may 
he displaced by freely movable tolerant skin. The distal pedicle trans- 
plant gives the best results where it is important that no bone be sacri- 
ficed. Usually a portion of a phalanx of any of the fmgtrs, except the 
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Index and the thumb, can be sacrificed -without serious functional 
damage in order to obtain good soft-part covering (Fig. ao). 

The loss of the thumb or any part of it constitutes a serious dis- 
ability. A badly-damaged thumb, with loss of muscular power or 
ankylosis, or both, Is preferable to any mechanical substitute. Heroic 
efforts at reconstruction of the thumb are justifiable (Fig. ai). 

Prostheses for amputation of Individual digits are seldom useful, 
except for the thumb. They are most useful if the thumb is amputated 
or if all except the thumb are gone, as apposition is made poelble by 
the prosthesis in either case. If a sufficient part of any of the fingers 
remains to make active apposition possible, a prosthesis is seldom 
worn, except for esthetic reasons. 

Trans carpal Amputation . — Transcarpal amputation is preferable to 
amputation at the wrist even though there is an adherent terminal scar. 
The latter can be repaired by distal, pedicle skin transplant 

Wrist-joint amputation is distinctly preferable to amputation hlg«* 
up, as pronatlon and supination are better preserved, and the bttmg 
of a hand or work appliance is facilitated by the more or less crawl 
end of the stump, which permits the elimination of much attach men 
harness. 

Amputation in Forearm. — Amputation in the forearm should be 
done as low down as possible. In the lower third, circulation is ° 
poor, but usually not troublesome enough to warrant a ”T u ,, 
higher up solely on this account Primary amputation should sei 
be done higher up for this reason, and reamputaticm should n 
considered unless all efforts to improve the circulation have ^ ' 

The importance of preserving pronation and supination waJTa ^ r ^*T 
dal attention to surgical details, i.e., careful treatment of the per* 
osteum to avoid shredding and consequent overproduction of Done, 
and the interposition of muscle to prevent bony bridging. ^ be 

No matter how short a forearm stump may be, it should n 
sacrificed, as in the majority of cases a forearm stump is more use 
without a prosthesis than an upper-arm stump either with 
an appliance (Figs. 23-25). Forearm stumps should never be shortenw 
to correct inequality In the length of the bones. Tender scars or objec- 
tionable scars should not be corrected for any reason by the wcnn« 
of bone, but by plastic methods involving the soft parts only. 
presence of redundant soft parts is an indication for plastic metnoas 
to increase length rather than to remove redundancy. 

Amputation in Upper Arm.— Tnmaarticular and transcondylar 
amputations are generally considered objectionable from the stand- 
point of existing prostheses, because the fitting Is difficult and there is 
Inconvenience to the patient In applying and removing the apparatns. 
Moreover, the artificial joint must be placed lower than on the normal 
arm. Experience abowa, however, that In single amputations, less than 


Cinema fixation of Stumps n] 25 

30 per cent of upper arm amputii wear appliances. Of these, it Is rea- 
sonably safe to assume that the majority are those wearing a practical 
(work) appliance rather than an esthetic one. The newer practical 
appliances are more securely fitted with less harness if the bony prom- 
inence of the condyles la present, so that before deciding upon the 
sacrifice of the condyles, a careful analysis of the requirements of each 
individual case is necessary. Above this level, all bone length possible 
should be saved. 


f “*• *>**5 — Pintle f»eud*rthro*ti dub motor. Vthmble tn work appliances 

CrNK3IATTXATI0N OP AMPUTATION STUMPS 

jk 1 9t8, the report of a special committee, directed to investi- 
gate the question of deem* fixation, was available to those engaged in 
amputation work. The conclusions of this committee were, briefly, that 
onematizatfon could not be recommended except as an experimental 
t^enuse it was stfll in the trial stage, and that it should not 
oc attempted unless adequate facilities were available for pursuing the 
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experimental prosthetic work necessarily associated with it Three 
cases were cared for in the base hospitals In the United States and two 
patients with cinematized stumps were returned from overseas. In 
none of these cases was the final functional result a distinct improve- 
ment over that obtained with the usual methods. Two were failures 
and required exdsion of the tunnels. Lack of success was due to the 
failure of coordination of the surgical, physical therapy, and prosthetic 
treatment; to the frequent transfer of patients; and perhaps, in a 
measure, to the breaks in follow-up colnddent with frequent changes 
in personnel after the Armistice. 

The admitted functional deficiency of all pros theses for the upper 
extremity stimulated surgeons, before and during the war, to try to 
utilize muscle power in the stump by connecting it more effectively to 
the prosthesis, so that the muscle power could Be used to operate the 
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Special Postoperative Treatment 

terminal part of the appliance (Figs. 26-28). Cinema tization, as pro- 
posed by Vangbetti, was tried and enlarged upon during the war. It 
has a limited field of application. 

(1) Cinemadxatlon should be considered only in double amputa- 
tion. 

(2) The vocational reeducation plan should be thoroughly worked 
out, in each case, in advance of any dnematization efforts to improve 
stump function. After the trade, its tools, and the operation of the 
tools by the available stump have been studied, dnematization should 
be considered, but only individually and selectively in each case. It Is 
essential that the surgeon make an individual and personal study of 
the functional possibilities of the stump under consideration. Physical 



Fm. i<5 — Cinem a rin tloD-mmcto power fn the tunneled nndi motor* aunt be devel- 
oped before an ippitance b worn. Furth er more, ikhx tolerant* in Lb* tunnel must abo 
b* d eveloped. Thb may b* done by pawfajt a metal rod through the tunnel, the rod 
heinf attached to a chain or tfrtns* which are con nected to a we igh t pulley, or 
torn: may be exerted manually aa »ho»c to thb Cl aeration. The chief value of thb typ# 
01 an ema lbat ic p b that It fadUtate* the atta chm ent of a work tppflanca ImtfH 0 f 
** *ti active motor to activate the end tool* or the band. 


therapy really begins in earnest after the tunnels or dub motors are 
haled surgically. The aim of physical therapy, of course, is to develop 
tolerance in the tunnels or dubs; to build up the cinematized muscle 
groups by means of massage, and active muscle movements by means of 
direct attachment of the musde motor to weights and pulleys (Fig. 29). 


Special Postoperative Treatment 

Traction.— In all stumps In which there Is even moderate tension 
traction straps should be applied In the operating room. In undnUned 




28 [totm* u Physical Therapy in Amputation* 

cases It is best not to apply weights until the following day, unless 
tension is marked. If applied at once, traction seems to create dead 
space and favors the accumulation of clot. In ndditlon to the advan- 
tages of traction previously mentioned, there seems to be no doubt 
that it adds to the comfort of the patient by preventing muscular 
spasm and that It Is Instrumental In preventing postoperative hemor- 
rhage in the same way. 

Blood drainage should be removed in 48 hours. In case secondary 
hemorrhage occurs with ballooning of the flaps, it is best to remove 
the sutures, clean out the dot, and reapply traction. Secondary uncc- 
tlon Is frequent In cases in which special attention has not been given 
to the elimination of dead spaces and in those In which seconds^ 
hemorrhage occurs. 

Use of Phovisional Appliances 

Amputations of Lower Extremity. — In all stumps of the Iowct 
extremity, with the exception of partial amputation of the foot 
the Syme amputation, a portion of the stump Is called upon to unc- 
tion in a manner entirely new and for which it is poorly adapted, 
is, weight-bearing. Radical physiologic changes necessarily take FUtce 
in the weight-bearing portion of the stamp, i.e^ pressure itropty 
the soft parts; Increased tolerance of the skin to lateral pressure 
the encasing socket of the appliance; development of balance^ 
sense of position; and tolerance to pressure on, and adjacent to, nony 
prominences. The other important task of the stump leg Is ‘ , 

of the limb and its appliance. In spite of the fact that the a 
limb is not so heavy as the amputated part, more power fa ^equ 
to swing It on account of its comparative inertness. Increaseddin / 
in balancing undoubtedly adds to the demands made upon the 1 m 
Iar power of the proximal part of the stump leg. Of vital Importance 
the preservation of normal muscular power, or better, the dev^cpmeu 
of increased muscular power, in the proximal part of the stump leg* 
Inasmuch as certain definite physiologic changes must take p 
both In the stump and in the proximal part of the leg before a j 
can be considered functionally fit for a permanent appliance, * 
clearly the duty of the surgeon to use all methods at bis disposal 
hasten these changes and to obtain a good functional as “ j. 
good surgical stump before a permanent appliance fa used. The 
velopment of provisional appliances, which can be made cheaply 
quickly under the lupervisfon of the surgeon, has been instrumental 
bringing about coordination of the surgical and prosthetic treat mni 
of the stump. This coordination existed in most amputation cen 
during and after the war, but most surgeons have not appreciated 
Importance of supervising the early functional development ol 
stump, and have reverted to the former practice of dismissing toe 
patient to commercial limb makers after surgical healing fa comp<e< e * 
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pEiNCipms of Fitting. — Weight bearing in the case of below-knee 
amputation is distributed as follows: cone bearing (lateral surface 
bearing), bony-prominence bearing (bead of tibia, tuberosity of tibia, 
fibula below head), partial thigh surface bearing (thigh cuff), and, in 
a certain percentage of cases, end bearing. In a finis had appliance, the 
stump is encased in a solid shell, which i3 molded or carved to fit the 
stump in such a way that all the bearing points and surfaces are used 
to a variable degree. The physiologic changes in the stump will depend 
largely upon the predominating type or types of bearing chosen in a 
particular case. 

Cone and bony-prominence bearing, with slight partial thigh bear- 
ing, are applicable to most leg stumps, except the stump resulting 
from the Syme amputation. Pressure atrophy is rapid and marked, 
consequently repeated remolding of the socket is imperative. End 
bearing diminishes pressure atrophy of the stump. In amputation of 
the thigh, bony-prominence bearing (ischial tuberosity), cone bearing, 
and In certain cases, end bearing, are utilized. Bony-prominence bear- 
ing predominates, so that pressure atrophy of the stump is slower and 
less marked than in leg stumps. 

There seems to be no doubt that end bearing is possible in a fair 
percentage of stumps, and that success in obtaining it is largely de- 
pendent upon faithfulness and persistence in carrying out the neces- 
sary preliminary measures to increase the tolerance of the end of the 
stump. Experience seems to prove that a definite distinction must be 
inade between total and partial end bearing, and that in certain in- 
stances total end bearing may not be desirable, I.e., in long, below- 
the-knee stumps. Cone and bony-prominence bearing give nearly 
perfect function. If end bearing is attempted in these stumps, there is 
a certain lack of adhesion between the appliance and the stump and 
the gait is not so good as with cone bearing. In thigh stumps of mod- 
erate length, total end bearing Is not preferable to Ischial and cone 
l*anng for the same reasons. There is little doubt that partial end 
^raring is always an advantage. The following stumps, in addition to 
parhal foot amputations, are especially well adapted for end bearing: 
(i) the Syme stump; (j) short below-knee stumps, and (3) stumps 
halting from a transcondylar thigh amputation. The section In each of 
these is through spongy bone, which seems to give a more tolerant end- 
hearing surface. Each is clubbed more or less on the end, thus favoring 
Proximal methods of attachment of the appliance and avoiding the mal- 
adjustment of the appliance mentioned above. 

Qualifications of Provisional Appliances. — An ideal provisional 
tUi *b° u ld possess, In the m ai n , mechanical features similar to 
in permanent appliances. The socket should be of solid material 
“hihould be molded or carved in the same accurate manner as In a 
one. A provisional appliance which merely shrinks the soft 
ussnn °f the stump, and does not develop the tolerance of the bearing 
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points and surfaces that will be called upon to function In a proper 
permanent appliance, is not efficient. The provisional socket must be 
one which can be remolded frequently and comparatively Inexpensively. 
In a certain percentage of cases, it Is not only desirable but necessary to 
change the shape, as well as the position, of the socket A complete 
change of socket rather than a reshaping is sometimes necessary. This 
feature Is Important In all cases in which there Is more or less mal- 
position of the stump, the malposition improving with the use of the 
appliance. 

Types of Appliances — Various types of temporary appliances may 
be used. In most of them the socket i 3 made of plaster of paris and the 
framework of wood or raetaL The various types are shown In accom- 
panying illustrations (Figs. 30-35)- , , . 

The recent am putt is usually most concerned with removing n» 
physical deficiency as soon as possible from an esthetic rather than 
from a functional standpoint Pegs (Figs. 36 and 37) an d cruder 
types of temporary appliances are strenuously objected to by many 
patients. If the surgeon explains the physiologic and economic 
for the use of temporary appliances, the assent and the cooperation 
of the patient will be obtained in most cases. 

An attempt was made In the United States Army to utmxe a pro- 
visional leg, which in all respects looks like a finished leg. Of necessity, 
it was adjustable as to length, foot position, and socket. The 
adjustment was accomplished by means of molded plaster of P® r 
sockets which were made on the patient and then set Into the w 
frame of the provisional appliance. New plaster molds were mada 
the stump shrinkage progressed. . , ji v 

In addition to meeting the esthetic requirements more satis tacw r 
than the peg appliance, this type offered the advantage of quan ty 
production and quicker fitting. 

In thigh amputation and in about 85 per cent of the ewes 
there was sufficient bone length to operate the ordinary thigh ie& 
latter type of provisional leg was entirely satisfactory (Figs. 3 j* ' ' 
Most of the remaining 15 per cent fell into the class of excesavel} 
stumps. It was not possible to fit these on account of interference^ 
the mechanism for the adjustment of length. The greater part 0 
weight rests on the tuberosity of the ischium, and accurate cot 
bearing is relatively unimportant; consequently the cone fijdng 
not need to be very exact. In leg amputations, the task of fitting 
type of leg was much more difficult (Fig. 41). Bony prominence* are 
more numerous and less tolerant to weight bearing. Consequendy . ^ 
bony-promlnence fitting must be more accurate and a great amount 0 
weight bearing must be allotted to the cone fitting. For this reason, tnc 
latter must be more precise. . , 

In order to meet the requirements of the more difficult cases wtten 
could not be fitted with the original model of the stock apph*^, “ 
more versatile type was developed and the stock parts (frame* 01 *' 
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manufactured in quantity, in a variety of sires, the only essential 
difference from the original model being that a care fully -molded plas- 
ter socket was made and riveted to the side bars. 

The plan generally adopted in all amputation centers is to fit the 
stump with a temporary appliance as soon as healing is complete, but 
not to hasten the prosthetic treatment at the expense of a good surgical 
result (Fig. 42). The appliance 13 worn at first to the limit of tolerance, 
special care being taken not to damage the soft parts. The part of the 
appliance which encases the terminal part of the stump, commonly 
called the socket, is changed and refitted as pressure atrophy pro- 



— . S**4° — Stock provbfcmil ippKincr* taed In army bciphah during tin W«r. 

T.™ 11 body of tbe limb b made of fiber mlth coonectfnjc part* of mwT A variety 
bnjtla rti »uppJled In *toci- Adlatfroent* for lentth mere made both be km 
wZ® kDC *> by **wLdj off u much fiber u wm* necemry. The locket wu 

by mtm» of in idjtnUble Wither cuff. Thb wu bter abandoned ind molded 
»fU» llf **** <fv * T the ttnmpa and then »et Into the fiber (nun 


bah the p*tfcnf» left let-'ft appear* duk beaut* *Jt*h2 
“eOaeked to protect it from peaptnlioo . 

40- — Bekm-knee itump with plaster locket. 
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points ond surfaces that will be called upon to function in a proper 
permanent appliance, is not efficient. The provisional socket mast be 
one which can be remolded frequeotly and comparatively inexpensfcriy. 
In a certain percentage of cases, It is not only desirable but necessary to 
change the shape, ns well as the position, of the socket. A complete 
change of socket rather than a reshaping fs sometimes necessary. This 
feature is Important In all cases In which there is more or less mal- 
position of the stump, the malposition improving with the use of the 
appliance. 

Types of Appliances - — Various types of temporary appliances may 
be used. In most of them the socket is made of plaster of paris and tie 
framework of wood or metal. The various types are shown in accom- 
panying Illustrations (Figs. 30-35). 

The recent am put i is usually most concerned with removing bis 
physical deficiency as soon as possible from an esthetic rather than 
from a functional standpoint Pegs (Ffgs. 36 ond 37) and the cruder 
types of temporary appliances are strenuously objected to hy many 
patients. If the surgeon explains the physiologic and economic reason 
for the use of temporary appliances, the assent and the coCperatkxi 
of the patient will be obtained in most cases. 

An attempt was made in the United States Army to utilize a pro- 
visional leg, which in all respects looks like a finished leg. Of necessity, 
it was adjustable as to length, foot position, and socket. The socket 
adjustment whs accomplished by means of molded plaster of parts 
sockets which were made on the patient and then set in to the stock 
frame of the provisional appliance. New plaster molds were made w 
the stump shrinkage progressed. . 

In addition to meeting the esthetic requirements more satisfactorily 
than the peg appliance, this type offered the advantage of quantity 
production and quicker fitting. 

In thigh amputation and in about 85 per cent of the cases where 
there was sufficient bone length to operate the ordinary thigh leg, f* 1 
latter type of provisional leg was entirely satisfactory (Figs. 38-40)* 
Most of the remaining 15 per cent fell into the cto« of excessively long 
stumps. It was not possible to fit these on account of interference oj 
the mechanism for the adjustment of length. The greater part of the 
weight rests on the tuberosity of the ischium, and accurate coot 
bearing fs relatively unimportant: consequently the cone fitting <*** 
not need to be very exact In leg amputations, the task of fitting this 
type of leg was much more difficult (Fig. 41). Bony prominences are 
more numerous and less tolerant to weight bearing. Consequently, the 
bony-promlnence fitting must be more accurate and a great amount ol 
weight bearing must be allotted to the cone fitting. For this reason, the 
latter must be more precise. 

In order to meet the requirements of the more difficult cases which 
could not be fitted with the original model of the stock apphaoce, a 
more versatile type was developed and the stock parts (framework) 
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manufactured In quantity, in a variety of sires, the only essential 
difference from the original model being that a carefully-molded plas- 
ter socket was made and riveted to the side bars. 

The plan generally adopted In all amputation centers is to fit the 
stump with a temporary appliance as soon as healing is complete, but 
not to hasten the prosthetic treatment at the expense of a good surgical 
result (Fig. 42 ). The appliance is worn at first to the limit of tolerance, 
special care being taken not to damage the soft parts. The part of the 
appliance which encases the terminal part of the stump, commonly 
called the socket, is changed and refitted as pressure atrophy pro- 



—J 3 Mo. — S tock ntovMond appliances taed In army hospitals durfr*? tba War. 
nf body of 1116 “mb reads of alth connecting parti of metal A variety 

irJk/ ai *i^ n * th * h> Stock. Adjustments for length were rrarU both below 

fiftk? “**> ^ Mwir -« ofl " re«ch fiber as was necessary. The socket 

nbriL « rDC * M of so adjustable leather cuff. This was Is ter abandoned and miAH 
nlh WCT * read® o^er tbe stump* and then set Into the fiber frame 


■ 30- — Patient wearin* bdow-kne* tab of this type, 

waaeen tbe artifidil limb and tbe patient's left lex- It 
DC£ “ '““raked to protect It from perspiration. 


Tbe plaster socket h restlnj 
afpean dart became It has 


Fra. 40 . — B«tow-knee stump with plaster socket. 
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points and surface that will be called upon to function to a pnm 
permanent appliance, is not efficient. The provisional socket nis kr 
one which can be remolded frequently and comparatively hexpensivriy. 
In a certain percentage of cases, It is not only desirable but necessary to 
change the shape, as well as the position, of the socket. A complete 
change: of socket rather than n reshaping is sometimes necessary. This 
feature is important in ail cases in which there fa more or Jess mal- 
position of the stump, the malposition fmproving with the use of the 
appliance. e 

Types of Appliances— V arious types of temporary appliances may 
he used. In most of them the socket fa made of plaster of paris and the 
framework of wood or metal. The various types are shown la accom- 
panying illustrations (Figs. 30-35). 

The recent am put £ fa usually most concerned with removing his 
physical deficiency as soon as possible from an esthetic rather than 
from a functional standpoint Pegs (Figs. 36 and 37) and the cruder 
tyi^ of temporary appliances are strenuously objected to by many 
patients. If the surgeon explains the physiologic and economic reason 
for the use of temporary appliances, the assent and the cooperation 
of the patient will be obtained in most cases. 

An attempt was made in the United States Army to utfliie a pro- 
visional leg, which in all respects looks like a finished leg. Of necessity, 
it was adjustable as to length, foot position, and socket. The socket 
adjustment was accomplished by means of molded plaster of paris 
sockets which wetc made on the patient and then set into the stock 
rame of the provisional appliance. New plaster molds were made as 
the stump shrinkage progressed. 

, ^ on t0 meeting the esthetic requirements more satis fadorfly 

a a Ppbance, this type offered the advantage of quantity 

production and quicker fitting. 

In thigh amputation and in about 85 per cent of the cases where 
there was sufficient bone length to operate the ordinary thigh leg, this 
Sf.Tf rR? ° l P r ° vision al leg was entirely satisfactory (Figs. 38^40)- 
"rosing rs per cent fell into the class of excessively long 
7 as Possible to fit these on account of interference of 
tw J^ adjustment of length. The greater part of the 
on the tuberosity of the fachfum, and accurate cone 
nS.nK y unimportant; consequently the cone fitting does 
^ Vtfy 1x1 Ieg mutations, the task of fitting this 

«.ype O! »eg was much more difficult (Fig. 41). Bony prominences are 
honv-nrnrnfr*^ 3 a * d !“* tolerant to weight bearing. Consequently, the 
weight* hf-mn.j Ce U L nR 7 U8t ^ rnore accurate and a great amount of 
** a lotted to cone fitting. For this reason, the 
latter must be more precise. 

*£&£££ of the more difficult owe wW* 

X^rLtito h J* ori K itl » l model Of the stock appliance, » 

mote versatile type ra developed and the stock parts (framework) 
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c ulat ure of the proximal part of the leg well developed. The stock 
provisional appliance is sufficiently durable to last from eight months 
to one year. Three to six months’ preliminary prosthetic treatment is 
usually sufficient to prepare stumps for the permanent appliance. 

Partial amputations of the foot, Syme stumps, end-bearing t hi g h 
amputations and disarticulations of the hip do not require provisional 
appliances, as a rule. In these stump3 the fitting is difficult, and there Is 
so little change in the stump compared with changes in stumps in which 
coce and bony -prominence bearing predominate, that there is no rea- 
son to delay the permanent fitting. 

Amputations of Upper Extremity. — -The use of provisional appli- 
ances in amputations of the upper extremity does not seem to be so 



T jJ 10 - — Flat temporary *ppRincct for ifeort thfrh Cam pa In doable amputation. 

** *dv*aUjeo<n tn double imputitlotB of the thijtb to ha\e the temporary appliance 
t Bl lc k »boTter than the normal lenxth, «» k b rery difficult for thrae patient* to 
£*»n the ttnne of balance »nd etjuTHbrinm. A* *U1I In walking with the abort pet* 
» wvboped, the length may be Increased. (Courtesy Letlennan General H capital, San 

Frandaco, Calif.) 

accessary from the standpoint of fitting as in amputations of the lower 
e * tr emlty. The physiologic changes in the stump caused by the use 
the appliance are not marked enough to require frequent refittings 
and an exact fitting is not so necessary' as In lower-extremity stumps. 

chief advantages In provisional fitting are that (i) immediate 
nttings are possible, which would not be the case in time of war if 
Permanent appliances were supplied by the artificial-limb Industry 
nhw b given to coordinate the surgical, prosthetic, and 

pnysical therapy treatment and to carry out a reeducational program 
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greases. Three changes are usually required. Deformities and surpfc*! 
defects of the itump, i.e., bony spurs, latent Infection, tender nervts, 
etc., will be readily discovered and should be treated during tnh pre- 
liminary prosthetic treatment Stumps should not be fitted with a 
permanent appliance until they are surgically sound, pressure atrophy 
of the weight-bearing portion well advanced, and the propulsve mos- 



Fro. 4 1, — The Cnned State* Array temporary ooow-mn ^ ArtJ&W 
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(.Orthopedic Shop. Wake? Reed HoapfcaL) 
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attachment plate In which a hand, tools, or any type of hook or other 
useful device could be used interchangeably, was adopted. The metal 
parts were manufactured in quantity and issued to amputation centers. 
Sockets were made of leather and the work of fitting was done in 
appliance shops. Workmanship and exactness of fitting were probably 
not equal to those obtainable In the open market, but the arm served 
the purpose as a provisional appliance as well as could have been 
expected from any single type of appliance obtainable (Fig. 43). 



44 — In the pnrvUotnl »nn whh unirm*] cod plmte, *ny number of ttHduSenti 
deriifd end iwerted. Thh Hhntntioc »how» ■ cotkrlkm of took for ifricnTlnre, 
the cfaw, pfocm, the ikcrv for handled took, the open book, and the hammer 


Occupational Therapy and Reeducation. — -Lower Extremity. — 
fn lower extremity cases, the actual use of the appliance in walking is 
the only reasonable means of occupational therapy, so that if regular 
arc to be assigned, they should be those which require walking 
ttnder varying conditions, i.e., steps, irregular terrain, etc. In double 
Reputations, considerable assistance and instruction are necessary at 
tne start. At first, crutches and quadruped progression must be re* 
r ™ to. Later, a double- rail walking platform with grades and steps 
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which is often more helpful than the appliance per sc; (3) smgkal 
defects of stumps become apparent while the patient is still under con- 
trol of the surgeon and can be corrected at once; (4) the patient has 
an opportunity to learn something about appliances and la thus able 
to make a more intelligent choice of a permanent appliance. 

The first provisional appliances used in the array were of a simple 
design and were rather crudely made. The socket was of plaster of 
paris. In the end of the socket was incorporated a metal clamp to bold 
various implements. Later an inexpensive arm, with a universal end* 
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Fra. 4J. — During the development of tha nraaailatare of the ^ « ork 

therapy may be eonddenbly facilitated by m ak ing oi _ w yd> 
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appliance* to fit the Mump ntber then by depending entirety ® u^bown b tkl» 
b fitted to tbe it amp. An example of tht« type of occupational therapy (/Thi rd 
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therapy may bo cocdderabty udliUted by making adaptatioM ippuatoi wUf® 

appliances to fit tbo dump rather than by depending enurtly r, b th* 

b fitted to tbo dump. An cample of thb type of ocetmaaooal l»*P 7 unbrd 

111 mi ration. Adaptations of *port implements (1 e^ golf ftb*" xtT y raloab* 

cne) were fuettaafaUy made In army shops during the War. T hoc factor P 

daring the development of the mosenlature of the stump and are 
Improving the mental date of the patient. 
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may be attempted without crutches. Finally, independent walking, 
preferably under the instruction of a person with an amputation, is 
attained. 


Upper Extruoty. — Occupational therapy is made possible, first, 
by the early fitting of temporary appliances (Fig. 44) of such type 
tha t many varieties of tools may be inserted in a universal end- 
atta chm ent; and, secondly, by the adding of attachments which will 
permit the stump arm to be used as an auxiliary, without an appliance 
(Figs. 45-50), thereby bringing it into functional, if not vocational, 
use, for therapeutic purposes. 



Pa ji. — T h* United ■$Ute* Army temporary thigh prwthesb, bchkl-borhUL 

<U)rt P™** 1 *^ wnpender* M *oppBed by tbe Mhw*poB* 
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"*’V«tden ittelched (Courtesy Orthopedic Shop, Walter Reed HcopUal) 
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Fro. 5 j — TV duralumin pratbeab. 

. ’• Dvrahmrfn “*t-up" cocsbttoj ol ihto piece, knee Joint, and knee block raaefe of 
“fjjoftin. Tbc pratberfi fa completed for the bciiial- bearing type by adding a wooden 
Lt * fl Wekrt and wooden foot M *hown to i. Tbe “art -op" wetjla two pound* and two 
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There is no doubt that there are Insurmountable problems con- 
nected with the replacement of hand function by the mere substitution 
of a prosthesis. Real progress In Improving the function In arm ampu- 
tations depends upon: first, reeducation of the remaining hand In single 
amputations; and, secondly, reconstructive surgery in doable amputa- 
tions, together with individual development of special appliances for 
particular trades. 

In teaching patients who have undergone recent amputation how to 
take care of the acts of personal necessity — dressing, etc. — arrange- 
ments should be made to secure the services of an experienced person 
who has undergone an amputation, as it is Impossible for an unampj- 
tated person really to aid as an instructor. This plan was followed in 
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Permanent Appliances 

Upper Extremity. — Finished appliances for the upper extremity as 
offered by the commercial market should be considered only from the 
standpoint of general utility, as such arms are seldom of much value 
vocationally. They are useful In carrying, as the fingers can usually be 
locked in flexion or set permanently in flexion with a movable thumb; 



, 3S» J6- — IxitaJ bearing fa the predominant type of bearing In all ampntatkwBi 

S3), aerpt tranwrooclyiar, which fa ahown In FI*. S. In tbe latter, 
"l™ hammock b atnpojded In order to permit end bearing. In acme finhbed 
app*iQCM, the tennlnal part of tbe aocLet fa abaped and the hammock b not taed- 

and they are useful as an auxiliary In single amputations. Practically 
•dl arms offered have similar features — namely, a rotating wrist and 
a movable thumb, which apposes to fixed fingers by spring action the 
ongm being \ n slight flexion. The thumb is usually operated by a cord 
to the opposite shoulder. 
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the army and should be used by all surgeons who are doing amputa- 
tions. 

Permanent Appliances 

Lower Extremity. — Partial Foot Amputations. — The appliance 
(or a partial foot amputation requires a fill of cork and metal reen- 
forement In the toe of the shoe to keep it from turning up. Cbopart 
amputation requires, in addition, anchorage in the form of a molded 
leather ladng, with side steels extending up to the knee. Syme ampu- 
tation requires an ankle joint and side bars, either lateral or antero- 
posterior. 

Below -Knee Amputations. — The socket Is made of willow and b 
shaped by routing with a drawknife. It is anchored to the foot by steel 



Fta. J4— Type* of prathob nude for putkl foot, t be Cfcoput, »d d* Sr* * toan t*- 
(Cwntoy E. H. Eridoon Co.) 


bars, Which are set Into the wood. The entire limb, except the joints 
at the ankle and the knee, is covered with rawhide. Lateral atee» 
extend above the knee. To these are studied a leather thigh cun, 
which is laced to the thigh (Figs. 51-54). 

Tin oh Amputations. — The main body of the limb Is made usually 
of willow or aluminum (Fig. 8). In either case the socket is of willow. 
The knee action is either automatic (spring control) or fa controU f^ 
by a strap which goes over the shoulder. The weight-bearing fa on the 
tuberosity of the ischium in most thigh stumps, except the trans- 
condylar (Figs, ss and 56). In the latter, total end bearing fa possible. 
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Redundancy. — Many stumpg become redundant after prolonged 
use of an appliance, so that the skin bangs in folds. Fissures form 
between the folds and become the seat of various types of dermatitis. 
If redundancy is marked, and fissures and dermatitis are continually 
Interfering with the functional use of the limb, it is best to perform a 
plastic operation to correct the redundancy rather than to temporize 
with local treatment 

Ulceration. — When patients pass middle life, ulceration near the 
end of the stump is very common. Frequently the ulceration is due to 


Fig 57. — Method oi cfltrrg crutches 5 n the esse of to irra ghnnp. 



the original pathology for which the amputation was done, such as 
f t ^ sease , diabetic gangrene, senile endarteritis, etc. In many 

01 these cases, the more recent procedures recommended for the im- 
provement of low vascularity in the extremities should be tried before 
refutation is considered — namely, perivascular sympathectomy 
^rnghonectomy, intravenous saline Injection. 


., ^ C . rvc B ulba. — Tender nerve bulbs, of course, should be removed if 
Uie y interfere with the use of the appliance. 
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In amputations above the elbow, a joint is supplied at the eflxm and 
flexion is accomplished by a forward swing of the stump. In upper -am 
stumps, of course, attachment to the shoulder Is necessary. The prob- 
lem of vocational appliances in amputations of the upper extremity 
should be worked out in each individual case, and the appliance should 
be so designed as to be an auxiliary to the remaining arm in the daily 
work of the Individual. 


Care or the Sttjmp 


The minor ailments of the stump and difficulties with the socket of 
the appliance seldom come to the attention of the surgeon, « he 
usually does not see bb patient alter an appliance has been fitted 
The limb fitter, being eagei to please 'and hold his client, who, of 
course, is a potential customer for the rest of his life, attempt to give 
advice on all questions regarding the stump. Due credit for this wrrire 
should be given to fitters, whose advice Is usually helpful, as the 
majority of them are, themselves, wearers of appliances, hut ft fre- 
quently happens that definitely indicated treatment of the stump a 
delayed and disability prolonged by withholding medical counset 
Surgeons should insist on following their amputation cases until tbe 
permanent appliance has been worn for at least a year, as many stump 
troubles will appear during that time. 


Variation in Sire of the Stumps— Usually at the time a permanent 
appliance is fitted, the stump has not thoroughly '‘shrunk.’' In order 
to avoid frequent changes of the socket, adjustment for the shrink*^ 
b accomplished by adding stump socks. Stump socks are supplied in 
wool and silk-wool and can be obtained at any appliance boose- AtJ 
stumps should be protected with well-fitting stump socks when ti* 
appliance Is being worn. Frequently patients are at a loss as to why 
the artificial limb will fit one month and not the next. As a rule, me 
explanation lies In the variation of the sire of tbe stump, which to* 
creases or decreases as the patient gains or loses weight. Usually, to 
the morning, some difficulty is encountered In properly fitting U* 
stump Into tbe socket of the' appliance, due to the fact that the stu®P 
has enlarged slightly during the night. 


Chifine.— Early la ^ functional use of the stamp, considcraN' 
dWicnlty Is encountered because of chafing of the skin st tbe points 
where pressure is eaerted. Later, callosities may develop at tbe Santa 
points. In bdow-knee stumps, these points are under tbe bead of the 
T ??<. tUb £' 0,Uy o{ UWn. anti along the Inner suria« o' 
tl* head of the tibia. Treatment of this condition consists in prop" 

^etTinte^v " 1 and r “° IdIn 8 ° f **** 
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Redundancy. — Many stumps become redundant after prolonged 
iw of an appliance, so that die skin bangs in folds. Fissures form 
between the folds and become the seat of various types of dermatitis- 
If redundancy is marked, and fissures and dermatitis are continually 
interfering with the functional use of the limb, it Is best to perform s 
plastic operation to correct the redundancy rather than to temporize 
with local treatment 

Ulceration. — When patients pass middle life, ulceration near the 
end of the stump is very common. Frequently the ulceration is due to 
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die original pathology for which the amputation was done, such as 
f S c ^ seasc ' diabetic gangrene, senile endarteritis, etc. In many 
01 these cases, the more recent procedures recommended for the im- 
provement of low vascularity in the extremities should be tried before 
reamputation is considered— namely, perivascular sympathectomy 
Ssngliooectorny, Intravenous saline injection. ? 


tk ^ r e f rvc Bulbs. — Tender nerve bulbs, of course, should be removed 
u *y Interfere with the use of the appliance 
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Sensations in Amputated Part- — Shortly after am potation, a very 
high percentage of patients will complain of pain, numbness, par- 
esthesia, etc., In certain parts of the amputated limb. As a rule, it u 
not necessary to take these subjective symptoms seriously, as ft fa 
not long before they are forgotten by the patient. 


Use of Crutches 

Unless the patient is supplied with a reserve artificial limb, it fa 
inevitable that a fair portion of bis time must be spent using crutches 
while repairs are being made. All persons who have undergone ampu- 
tations use crutches when the appliance Is not worn, as In bathing, etc. 
It is well for the surgeon to give every- patient who .uses crutches 
simple instruction In their use. The weight In crutch progression should 
be borne chiefly on the hands, and the axillary rest should take only 
part of the body weight. In the forward thrust of walking, most of 
the weight should come on the hands. When the patient stands, he will 
usually allow most of the weight to come on the axilla, thereby giving 
the hands a rest. If the crutches are' too long, bearing will be pre- 
dominately axillary, and mny lead to crutch paralysis, or slow atnx>by 
of the am. Occasionally, one is called upon to take care of a patient 
who has had multiple amputation. When both an upper and a lower 
extremity are amputated, the question of walking with crutches neces- 
sitates some adaptation to the crutch, in order to enable the padeflt to 
walk with crutches (Fig. 57). 

Summary of Physical Therapy 

In every case a person who has undergone amputation Is a potential 
therapy patient In the majority of cases, physical therapy 
anould start within a few days following the amputation. In infected 
cases or guillotine amputations a portion of the physical therapy meas- 
ures must be delayed until healing of the stump is secured, but even 
““ B , ce [ tajn amount of physical therapy is Indicated. The ddel 
physical therapy measures indicated are massage, motion, hardening 
ot the stump, splinting, and the supervision of the wearing of the 


, S 6 - hJght stroking massage should be started on the stump 

Just above the protective dressing and continued up the limb, growing 
and 9ti ®ulating as the upper limits of the extremity are 
15 the incision Is healed, light stroking and kneadhg 
atarted over ^e end of the stump. The puT 05 ^ 
^titiveoess and accustom the patient to the touching 
0 . ti* stump (a most important psychologic effect)! to Pf*“ 

tn'nrrn.TN-* tK#- “ d k «P ** <™1 KE liable; and, 
to prepare the atrimp (or end or partial end bearing THj mass**' 
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should be continued even after discharge from the hospital in cases of 
adherent scar, contractures, and impaired function in adjacent joints 
(Fig. 58). 






M [ISJSTA* 


Physical Therapy fa Amputate 


Motio — P imputations 

Joint should staf rftbka ^dn^afte/,?' ® StUmp a ” d 
surgeon must gently move thr ?*!??, am P utatj on- At first the 
must be taught and stimulated bat a few days the patient 
Mend the adjacent jointT s^J uZ' ^ “‘JS" 11 ? ^ 10 and 
should teach and supervise^W **%■ ^ ^ed l«haidjn 

“Porase these movements following the massage. 

hardenln^f e th°e f li “! um P 10 end bearing and 

os active motion has d^dZed “.f 1 ^ 8 few <*»». As soon 
tap the end of the stump °, U ' d be teu « ht W? 10 

when the wound is healed 7w! , • ^ dr «slng, on a pillow, later, 

healed, this tapping on a pillow is continued with 
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the stump end exposed. The hardness of the surface being tapped is 
gradually increased until the patient, within two or three weeks, is 
striking his stump rather forcibly against the bottom of a chair or the 
surface of a table (Fig. 59). 

Splinting. — Splinting, to prevent joint contractures and faulty posi- 
tions of the stump, and traction, either for the same purposes or to 
secure better skin covering of the stump, are likewise physical therapy 
measures which must not be neglected in indicated cases. 

Wearing of Pros theses. — Finally, the surgeon who is rehabilita- 
tion-conscious must recognize the importance of supervising the wearing 
of temporary and permanent prostheses until the patient has regained 
the greatest possible functional restoration in the handicapped ex- 
tremity. 
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PHYSICAL THERAPY IN RELATION TO THE SURGICAL 
TREATMENT OF ARTHRITIS 

Beveeidoe H. Moore, MJD. 

Introduction 

Definition. — In discussing this subject it Is well to define dearly 
the ground to be covered. It is not the Intention to discuss the physical 
therapy of arthritis; that is taken care of in another chapter. This 
one is concerned only with the surgical treatment of arthritis In its 
relation to physical therapeutic measures. There is a dearth of litera- 
ture on this subject. Most of the available articles describe minutely 
the details of the operative procedure and then blandly remark that 
physical therapy is a valuable adjunct in the after-care, leaving the 
reader to form his own condusions as to how or why. Another point 
that should be d eared up preliminary to a discussion of the subject 
Is a definition of arthritis. The classification of arthritis Is at present 
in a deplorably muddled state. There is confusion as to the nomencla- 
ture of the various types, and to make matters worse, some authors 
are Including pyogenic, tuberculous, and gonorrheal Joints in the dass 
of arthritis. These conditions undoubtedly are inflammations of the 
ioints, but to indude them under arthritis is to add an unwarranted 
burden to an already overburdened d ossification. What tbe field of 
arthritis needs is narrowing rather than broadening. For the purpose 
of this chapter, then, arthritis will be considered as an affection of 
the Joints In which there is no demonstrable infection present in them, 
though they are the site of pathologic c han ges. That is, It Is the 
chronic nonsuppurative arthritis which is being considered in this 
'i'apter. This will indude tbe classes usually called hypertrophic 
osteo-arthritls, and atrophic or rheumatoid arthritis. 

Indications for Surgery 

Another point which I wish to bring out dearly is that I am by no 
advocating operative surgery on all cases of arthritis, even in 
the limited field which I have defined. I wish to make this as emphatic 
m possible. There are cases of chronic arthritis which can be benefited 
f .?* rative 8Ur K er y, but they represent a relatively small proportion 
?! Mai number. As a general rule operative surgery should not 
« considered while the condition is acute. Since arthritis during this 
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stage is a general disease, although its chief local manifestations are 
in the joints, all the measures of general medicine, including diet, tod 
physical therapy should be given a thorough trial before operative 
measures are considered. As a matter of fact, the question bods down 
to this: Surgery is more often useful in the treatment of the sequelae 
of arthritis tha n in the treatment of arthritis Itself. 

I would give, then, as the two principal Indications for surgery in 
arthritis: first, the relief of pain; and second, the correction of de- 
formities resulting from arthritis which are causing disability. These 
two indications, of course, will overlap to a certain extent, sad is any 
individual case both may be present in varying proportions. It is quite 
logical to believe that a joint deformed by arthritis vrGl be more sub- 
ject to pain simply because it Is at a mechanical disadvantage in 
meeting the strains for which the normal joint is perfectly adapted. 

With regard to the first indication, the relief ot pain, there fa noth- 
ing that calls for more delicate judgment on the part of the surgeon. 
Much depends in this case on the personal equation of the patkni. 
There is no standard by which pain can be measured by another per- 
son than the one enduring lL What one person may regard as excru- 
ciating agony will be regarded os discomfort by another, tboognw 
far as the physician can determine, the two may be pathologically 
exactly alike. 

With regard to the second indication for surgery, the relief of the 
deformity with resulting disability, there is not quite the l0 * 
definiteness. It Is obvious that a deformed joint, for example, * knee 
Bezed 45°, is not as useful for weight-bearing as one that is in norew 
position. Hence, if wc can place this joint in a position which will oe 
mechanically better, we have benefited it 


Relief of Pain 

The operation most commonly used for the relief 
arthritis fa some form of ankylosing operation by which the 
forming the offending joint are fused together. It fa based cn 
theory that no joint at all Is better than a painful one — a . 
view with which many patients who are suffering are quite wilting 
agree. The regions In which fusion operations are of particular vai 
are, first, the sacro-Hlac; second, the spine; third, the hips; foorlfi. 
the shoulder. 


AHTHBODESIS OF &ACRO-HIAC JOINTS 

TTie MCToJlfac joints arc small but exceedingly troublesome !«*» 
ertbritis. In a recent questionnaire by the Clinics! CMbJ 
pedic Society with regard to the question of the cause lor low 
pain. It was the almost unanimous opinion that arthritis of Use >Mr»- 
tht mo5t cause. The frequency with 

arthritic changes are noted In x-raya of the sacro-iliac region t* 3 ” 
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this otrt It has been frequently noted that in such cases the pain 
has disappeared when the sacro-Jliac joints have become completely 
fused by the pathologic process. This furnishes the rationale for fus- 
ing them by operative means — that is, It is a matter of assisting nature 
to do in a comparatively short time what she will eventually do her- 
self, thus shortening the patient’s period of disability. Numerous 
methods of fusing these Joints have been devised by Smith-Peterson, 
Campbell, Gaenslen, Chandler, Verall, and others. 

Operation. — The operations are all of two types: one in which the 
joint Itself is cleaned out and fused, and the other in which the joint 
Itself is not touched but is completely Immobfliied by building a 
bridge of bone across the Joint, Le., an extra-articular fusion. 

In the Smith-Peterson operation, which is one of the first type, a 
square of bone is cut from the ilium directly over the sacro-fliac joint, 
which is curetted out through the opening and the square of bone is 
replaced. Gaenslen reaches the joint by cutting through a portion 
of the posterior wing of the Ilium, turning It back, and curetting out 
the joint. Campbell’s and Chandler’s operations are very similar and 
are of the second type. Both do an extra-articular fusion of the sacrum 
and flhnn by stripping away the periosteum from a portion of the 
sacrum and Ilium and then building a bridge of the bone chips 
removed from the Ilium across the sacro-fliac joint, causing an extra- 
articular fusion with resulting immobilization of the joint. Verall places 
a graft from the tibia across the posterior portion of the sacrum and 
ilium. All these methods have the same object in view, that is, the 
prevention of motion in the sacro-iliac joint. In one type this is ob- 
tained by destruction of the joint with a resulting fusion; in the other 
type, by a fusion between the sacrum and the Alum. 


After-Treatment — The primary object of the operation must be 
kept firmly In mind — that Is, a bony union between two surfaces. In 
order to obtain this the Involved bones must be held immobile until 
union has formed. It must also be remembered that It takes some- 
what longer to obtain a fusion where a joint has been removed than 
where a fracture has occurred In a bone. How this Immobilization is 
to be accomplished Is largely a matter of taste with the surgeon. In 
the first stage it will be obtained by rest in bed with the patient lying 
on the abdomen, at least for the first two weeks. This stage of rest 
la bed will last from four to six weeks. Following this, sufficient 
immobilization can be obtained by a plaster cast. The sacro-iliac joint 
is not an easy one to immobilize and so the plaster must be applied 
sHDIuIly to be effective. This stage will last from six to eight weeks, 
when the fusion should be strong enough to allow the patient to be 
about with a well-fitting belt for support. 


Phy^a 1 Therapy.— Again the primary object of the iteration 
™ be borne in mind. .Any manipulation which would tend to move ' 
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the affected joint fa taboo, especially during the early stages. However, 
local beat fa often agreeable and by causing local hyperemia it may 
hasten the process of consolidation. Massage of the muscles of the 
thighs, legs, back, and arms fa of benefit, in that it tends to keep these 
muscles In good condition and thereby shortens the period of con- 
valescence after the fusion fa firm enough to permit weight-bearing 
while still supported. 

ARTHBODEStS OF SPINE 

The theory underlying the use of spinal fusion for arthritis is, o! 
course, the same as with the sacro- iliac joint, that fa, no joint 1s bettff 
than a painful one. The operation fa especially applicable to osteo- 
arthritis of the spine, In which the process is fairly well limited to 
one region. The cases in which the radiograph shows large crwcentlc 
lipping extending from the border of one vertebral body to the adja- 
cent one are especially favorable. As to the technic of the operation, 
it fa not necessary to go Into the details since it has been described so 
many times In the literature of more recent years. It Is sufficient tossy 
there are two main types of operations for spinal fusion, the Hibra 
and the Albee. In the HIbbs operation no extraneous bone fa used, 
while In the Albee type operation a bone graft removed from another 
part of the body fa applied to the spine to cause fusion. Each opera- 
tion has advantages and the choice must be made by each individual 
surgeon. Either type will give satisfactory results in the hands of * 
competent operator. 


After-Treatment. — After-treatment does not differ materially from 
that of sacro-fliac fusion, consisting of rest in bed, support bypiastff 
cast, and then braces. The spine is somewhat easier to immobflfae uy 
plaster than fa the sacro-fliac Joint, and It seems that weight-bearing 
when the spine fa well supported by a plaster cast which fits wen 
tends to give earlier and more solid fusion. 


ABTHHODES1S OF HIP JOINT 

Fualon of (ho hip joint has not a vdde range of application .It b 
limited to those cases in which only one hip is affected and affected 
badly. The usual type of this case Is that of osteoarthritis in ■ W““ 
the bead is badly mushroomed and deformed by the 
P I P CCSS ' There are two methods of obtaining a fusion of the hip 
joint, the intra capsular and the extra capsular. In the In tra capsular 
method the Up joint Is opened and the head exposed and denuded 
of cartilage. The cartilage of the acetabulum b also removed, U«o 
bringing raw bone In contact with raw bone. The operation is not on 
easy one In fact, It is a very difficult one. Furthermore, wWlct^ 
placing of raw bone againit raw bone should theoretically produce 
union, It does not always do so, and the Mp joint fa notoriously a 
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hard one to fuse. However, Magnuscm states that he has had several 
cases in which, although fusion was not obtained by this method, 
there was great relief from the pain. 

After-Treatment. — In obtaining fusion of the hip the after-treat- 
ment is governed by the same principles as those rfhich apply to the 
spine. Immobilization should last for a period of three to four months, 
with weight-bearing while immobilized after four to six weeks. In 
obtaining immobilization of the hip a plaster cast is the most effective 
agent. The choice of position for ankylosing a hip joint is very Impor- 
tant. The position usually chosen is full extension of about 15 0 and 
neither internal nor external rotation. This position Is undoubtedly 
the best for walking or standing but is not so convenient for sitting. 
In order to ait comfortably with a stiff hip in the fully extended posi- 
tion, the patient must develop compensatory motion of the lumbar 
spine. Therefore, before recommending a fusion for an arthritic hip, 
It is important to assure one’s self that there is no arthritis in the 
lumbar spine. No form of traction should be used after an operation 
to secure fusion of the hip. This is obvious, since in order to secure 
fusion the bony surfaces must be forced together, whereas traction 
draws them apart It should be borne in mind that after a successful 
fusion operation, the muscles which ordinarily act on the joint tend 
to atrophy rapidly, since the fusion has robbed them of their function. 
This is the converse of the operation in infantile paralysis where the 
fusion is done to stabilize a joint which cannot function properly on 
account of a loss of power in its muscles. Massage will tend to delay 
this muscular atrophy but will not prevent it, since It is a result of a 
loss of function. However, In the three joints discussed, the sacro- 
iliac, spine, and hips, the atrophy of the muscles is not of the conse- 
quence that It is in other regions of the body. 

ARTHRODESIS Or SUBASTRAGALAR, ASTRAGALOSCAPHOID, AND 
CALCANEOCUBOID JOINT 

Another joint in which arthrodesis may be considered as a treatment 
for arthritis is the subastragalar, astragaloscaphold, and calcaneocu- 
boid joints considered together. The special indication for fusion in 
this region is that type of arthritis not infrequently seen following a 
fracture of the os calds. The arthritis of the subastragalar joint causes 
persistent pain and disability. Subastragalar arthrodesis similar to that 
for stabilization of a paralytic foot gives excellent results in these 
The technic consists in clearing out the tissues from the sinus 
tern to give access to the astragaioscapboid, calcaneoscaphold, and 
calcaneocuboid joints. The cartilage and a portion of the bone are 
men removed from each of these joints. It is possible by a little care 
to remodel the bones so that the weight-bearing can be much im- 
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the affected joint is taboo, especially during the early stages. However, 
local heat is often agreeable and by causing local hyperemia it may 
hasten the process of consolidation. Massage of the muscles of the 
thighs, legs, back, and arms is of benefit, In that it tends to keep these 
muscles in good condition and thereby shortens the period of con- 
valescence after the fusion is firm enough to permit weight-bearing 
while still supported. 

ASTHSODESrS OF SPINE 

The theory underlying the use of spinal fusion for arthritis is, of 
course, the same as with the sacro-iliac joint, that is, no joint is better 
than a painful one. The operation is especially applicable to osteo- 
arthritis of the spine, in which the process Is fairly well limited to 
one region. The cases in which the radiograph shows large crescentic 
Upping extending from the border of one vertebral body to the adja- 
cent one are especially favorable. As to the technic of the operation, 
it is not necessary to go into the details since it has been described 50 
many times in the literature of more recent years. It is sufficient to say 
there are two main types of operations for spinal fusion, the Hlbte 
and the Albee. In the Hibbs operation no extraneous bone is used, 
while in the Albee type operation a bone graft removed from anotbw 
part of the body Is applied to the spine to cause fusion. Each opera- 
tion has advantages and the choice must be made by each individual 
surgeon. Either type will give satisfactory results In the hands 01 a 
competent operator. 

After-Treatment. — After-treatment does not differ materially from 
that of sacro-fliac fusion, consisting of rest in bed, support by P 15 /* 
cast, and then braces. The spine is somewhat easier to immobilize by 
plaster than is the sacroiliac joint, and it seems that weight-bearing 
when the spine Is well supported by a plaster cast which fits well 
tends to give earlier and more solid fusion. 


AJtTHSODESIS OF HIP JOINT 

Fusion of the hip joint has not a wide range of 2,1 

limited to those cases in which only one hip Is affected and aneciea 
tedly. The usual type of this case is that of osteo-arthritis in wWcn 
the head is badly mushroomed and deformed by the pathoW 
process. There are two methods of obtaining a fusion of the Wp 
joint, the intracapsular and the extracapsular. In the intntcttpsuj^ 
method the hip joint is opened and the bead exposed and d* nu “~ 
of cartilage. The cartilage of the acetabulum is also removed, rims 
bringing raw bone In contact with raw bone. The operation fe not jn 
easy one, in fact, it is a very difficult one. Furthermore, 
placing of raw bone against raw bone should theoretically 
union, it does not always do so, and the hip joint is notoriously a 
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popliteal space from the side. This gives rather free access to _ the 
posterior portion of the capsule without great danger to the popliteal 
vessels and nerves. The capsule is then either divided or stripped from 
Its attachment to the posterior surface of the femur. 

After-Treatment — In the after-care of these cases It Is very im- 
portant to remember that il the contracture is of long standing, not 
only are the tendons and capsule contracted, but also, to some extent 
at least, the large nerves and the popliteal vessels are tight To attempt 
to stretch them violently may result in disaster — either shutting off 
the circulation of the leg or tearing the popliteal nerve trunks. There- 
fore, It is better to use some apparatus for gradual stretching. The 
simplest is a circular plaster cast applied from the groin to the ankle, 
with the knee in flexion. Before it hardens completely a circular cut 
is made behind the knee, leaving about two inches of plaster Intact 
over the patella to act as a hinge. Then In two or three days this Is 
opened by extending the knee and placing thin strips of wood in the 
cut to hold it open. These are added to each day and the extension is 
thereby increased until the full amount is obtained. Other more elab- 
orate devices have been invented, but this method is the simplest and 
is effective. After the full amount of extension has been obtained, 
the knee should be retained in that position for about six weeks longer 
in order to prevent contractures from recurring. 

Physical Therapy. — Tbe next step Is beginning to secure motion 
by passive movement, massage, and beat. These are great aids at this 
•tage. The passive movements most be gently and slowly done, going 
to the point where the movement begins to be checked, then very 
gently a little beyond that and holding the stretch obtained for a few 
seconds. These movements occupy but a very small portion of the day 
and it Is to be remembered that contractions may recur during the 
rest of the day. Some form of removable splint to retain the position 
should be worn continuously. Tbe stretching and massage should be 
kept up for several weeks, until the motion present is smooth and 
entirely painless, though probably not the normal range of the Joint 
Then function should be very gently begun. First should be supported 
height-bearing, then walking with the aid of crutches. The natural 
function of the joint is the greatest aid to improvement from this 
point. This is a very tedious process and by no means all patients will 
*bow improvement commensurate with the time and difficulty in- 
volved, but some will be benefited enough to be freed from a wheel- 
chair existence, which is no bed of roses. 

KEMOVAL OF EXOSTOSES 

Another operative measure for the relief of deformity that may be 
necessary is removal of exostoses resulting from arthritis. This of 



6 x* Physical Therapy in Surgical Arthritis 

After-Treatment. — Following the operation the bones are retained 
in dose apposition by plaster, and early weight-bearing— that is, as 
soon as it can comfortably be done — is encouraged while the foot is 
supported by the cast. From 8 to ia weeks usually suffice to give a 
firm ankylosis. Following this, massage with passive and active mo- 
tions should quickly restore function to the ankle Joint The manipu- 
lation around the ankle joint should be limited to dorsifiedoa and 
plantar flexion. The reason is that these motions are a function of the 
tfbio-ast regal ar joint whereas lateral motion takes place chiefly in the 
joints we ore attempting to ankylose. Hence, no attempt should be 
made to secure lateral motions by manipulations. 

Relief of DEFosxnnES 

The relief of pain is usually the prime interest of an ar ^ t * c pa- 
tlent in consulting a medical man. Next to that is the relief from 
deformities. Oftentimes the tiro are associated. Again, surgery is rwt 
to be indiscriminately advised, and the degree of relief that may w 
promised should be accurately weighed against the suffering and pos- 
sible danger that must be gope through in obtaining it Yet * onletln " 
(but not so often as one could wish) something may be done even 
in apparently hopeless cases to mitigate the difficulty of their position- 
A case at Cook County Hospital comes to mind, In which a pm 
woman with the rheumatoid type of arthritis had been bedridden 
years with practically every joint of her body stiffened. A bOatenu 
arthroplasty of the jaw which turned out successfully gave oat 
change from a continuous liquid diet to real food, a change 
gave her at least one new Interest in life, even though it did w* 
change the condition of her other joints. 


FLEXION DRFOBMITV OF KNEES 

Flexion deformity of the knees is one of the commonest defo 11 ^ 
resulting from arthritis which may require surgical Interference 
is particularly true In cases of the rheumatoid type. When the tnro 
are flexed to a right angle or less, certain difficulties arise whiefl 0'“” 
render open operation necessary- In these cases the knees ^ “ 
Sesed to a right angie and there may be a few degrees of motion \i 
the Joint to either side of this angie. The examination gives tneinr 
pression that the contractures are to the hamstring tendons, m 
often are contracted, but usually the posterior capsule of the 
joint is also involved, so that a simple tenotomy of the kunstnns 
tendons falls to give the relief desired. The posterior capsule o! U* 
knee should be divided as well. This is accomplished most easilyoy 
an incision on the outer side of the femur, just back of the lose, 
portion of the iliotibial band. The posterior leaf of this band « n £ 
Mowed to the lower end of the femur and entrance made into tnc 
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fixed, walking with the cast should be begun. When this can be easily 
done, a removable abduction splint may be substituted for the cast, 
mas sag e and active and passive motion without weight-bearing may 
be begun, and the support may be gradually left off. This operation 
means a shorter period of disability than is necessary following an 
arthrodesis. 

As mentioned previously, another field of usefulness for this type 
of operation is In the metacarpophalangeal joints. The type of arthritis 
in which it is particularly applicable is the atrophic or rheumatoid 
rather than the hypertrophic. The operation is, in effect, a type of 
arthroplasty. The distal end of the metacarpal bones is removed and 
the end of the shaft remaining is rounded off. Since this is an opera- 
tion intended to Increase the range of motion as well as to relieve 
deformity, the bony surfaces should be kept well apart during the 
after-care. This Is best accomplished by the use of a banjo splint with 
elastic traction furnished by rubber bands to each finger. As soon as 
healing Is well under way, that is, In from io to 14 days, gentle passive 
movement should be begun to be followed by active motion as soon 
as possible. While not engaged in motion, the finger should be kept 
in traction. It has been my pleasure to see cases done by Dr. Leven- 
thal at Cook County Hospital in which there was excellent, painless 
motion of the fingers following this operation. The restoration of use- 
ful motion to the fingers would be quite a boon even though other 
joints were so badly affected that nothing could be done for them. 

Synovectomy 

Synovectomy or the removal of the synovial lining of the arthritic 
Joint is an operation of value In occasional cases. It is useful in those 
cases in which the pathologic changes are confined to the synovial 
membrane and the bone and cartilage do not as yet show pathologic 
changes. These cases are characterized by a thickened boggy condition 
of the joint capsule. This must be distinguished carefully from an 
effusion into the joint The basis on which synovectomy seems to give 
relief is apparently twofold. In the first place, an irritated sore portion 
of the joint Is removed which is of direct benefit In the second place, 
joints of this type, namely, those with thickened, boggy, synovial 
raembraiie, may be themselves fod of infection almost as much as in- 
jected tonsils. Hence, the removal of a mass of low-grade infected 
msne may give considerable general relief. This operation was first 
advocated by Volhmann for tuberculosis of the knee. The knee is by 
:*f most available joint for the operation of synovectomy. The 
oper * d from ^ {nner sM* of the patella and the synovial 
membrane dissected away, leaving the joint capsule intact. It should 
oe removed completely from the suprapatellar pouch and the Internal 
and external walls of the joint The membrane in the posterior pouch 
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course, is particularly true of the hypertrophic type, since it is this 
form which produces exostoses. Many of these exostoses are in situa- 
tions where they do little or no harm, but occasionally they may 
definitely limit the motion of a joint. If they are in a situation where 
there Is weight-bearing or pressure, they may cause pain. An exostesb 
on the inner side of the head of the first metatarsal bone is a rather 
common example of the latter. If it is large enough to pinch the soft 
tissues between it and the head of the second metatarsal when shoes 
are worn, a great deal of pain is produced. Another similar example 
is the subcalcanea! spur, which is not necessarily the result of gonor- 
rhea but often occurs in other types of arthritis. Removal of these 
spurs does not entail any great technical difficulty and does give much 
relief. It must be borne in mind that it has no effect whatever on the 
pathologic process In the joint itself. It Is also wise to tell the patient 
that the exostoses may recur, for such recurrences are not uncommon. 
As to the physical therapy employed afterward, contrast baths and 
massage begun as soon os the skin incision is thoroughly healed have 
proved most efficacious. Carefully graduated early use is indicated, bat 
it must be well controlled. 


REMOVAL OF ENDS OF BONES 

In the class of operations for the relief of deformity may be in- 
cluded the removal of the ends of the offending bones. This has a very 
limited range of usefulness, being practically limited to the Hp joint, 
where only one Is involved, and to the metacarpophalangeal joints. 
In the hip this operation may be regarded as an alternative to the 
arthrodesis of the hip previously described. Its advantage over the 
arthrodesis is that a movable hip joint results, which is more con- 
yenient for sitting but not quite so good for standing or walking. 
** j ueck of the femur are removed, leaving wbat may 

be described as a “brooms tick” femur, there is sure to be a very 
Svj re3crnb U Q 8 that of a unilateral congenital dislocation of 

* “P* Hmp la produced in the same way, that is, there Is lack- 

ing the solid point of counterpressure furnished by the bead of the 
*** of the acetabulum. The limp may be dimjn- 
*”***.. the Whitman reconstruction operation, as done for 
ununited fracture of the femoral neck. In thfs operation the bead of 
the femur is removed and the greater trochanter cut off at its base. 
2“*” nu f t !* abducted sharply and the stump of the neck placed 
in the acetabular cavity. The amputated trochanter wM thus be moved 
d wTff' i ft J° n , g ^ Bhnft of the femur below Its original Jjosftfojj 
* fast ened to the shaft. A plaster cast must be applied to 
abducted until the trochaater has united in its 
tt^intNtJmft bdng displaced gives the leverage by whfcb 
the musdes attached to it net to fix the pelvis during walking. After 
about 5 lx weeks, when the transplanted trochanter should be firmly 
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six weeks to three months. Personally I much prefer to reduce the 
deformity In this type of joint by gradual reduction by the wedging 
plaster mentioned previously. 

There Is another type of joint which gives much better results by 
manipulative methods. This is the type of joint In which the arthritis 
is of moderate grade with not much deformity, a little capsular thick- 
ening but no effusion in the joint. In fact, the joint gives the impres- 
sion of a “dry 5 ’ joint. Motion is often limited and is painful. The 
x-ray frequently shows very little change from normal. It is the 
type often called traumatic arthritis, from Its frequent association 
with trauma. A typical example Is the painful shoulder Joint often 
appearing after a fall in which the weight comes on the outstretched 
hand, In this type of arthritis manipulation under an anesthetic often 
gives surprising increase In function. In manipulating these joints 
much care must be taken. The joint should be put through Its full 
range of motion gently and only once. Frequently a grating or snap- 
ping will be felt which has given rise to the idea that adhesions are 
being broken, though it is very unlikely that there are actually ad- 
hesions between the two surfaces of the Joint. 

After-Treatment — We must remember that with this type of joint 
we are not usually aiming so much at the correction of deformity as 
at an increase of function. For this reason the after-treatment will be 
totally different. The shoulder joint should be supported in an im- 
proved position, preferably by a splint. Each day the joint should 
be put through its range of motion. 

Physical Therapy. — I have spoken of this type of Joint as a "dry” 
joint. The physical therapy should be directed towards stimulating the 
flow of blood to the joint to aid in overcoming this dry condition. 
Heat is the most effective way of producing this. Personally I prefer 
wet heat, though the dry heat is more easily applied. In applying wet 
beat the dressings must be voluminous. The wet application should be 
covered with rubber sheeting and the hot-water bag should be applied 
over this to keep the dressing hot. The use of an ordinary electric 
pad with hot wet dressings is unsafe, though there are now electric 
pads specially devised for this use. The skin should be guarded against 
maceration, and hot dry doths should be applied after the removal of 
the wet dressing to prevent chilling of the part. Massage is useful in 
Jhese cases. Again the object of the treatment should be kept In mind. 
This indicates stimulating massage rather than sedative. The massage 
^ m order effectively to increase the flow of fluid to 
the joint. But the most Important part of the physical therapy is the 
active motion of the affected joint. Nothing stimulates a dry joint 
jojell ns Its natural function. This must be carefully guarded in the 
beginning but should be kept up to the limit of tolerance. It is with 
Uus type of “dry” joint that the so-called bonesetters have tbdr re- 
markable results. 
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After-Treatment- — After the operation do immobflixatlon other 
than that supplied by the usual dressing should be used, since It is 
desired -to obtai n motion. The quicker motion can be obtained, the 
better. Hence, gentle active and passive motion should be begun as 
early as two or three days after the operation, but It must be gently 
done. Heat applied to the joint hastens absorption of exudate following 
the operation. Function of the joint should be resumed as soon as 
possible, though time will vary with individual cases. Key has found 
that after the removal of the normal synovial membrane from a rabbit 
joint It is reproduced in about 60 days. This, of course, was the 
case with the normal membrane, which may act differently from the 
diseased, but at any rate It is possible for the synovial membrane to be 
reproduced intact. 1 ' 3 

Manipulative Surgery 


Another type of surgery sometimes used In cases of arthritis is 
manipulative surgery. This has a field of usefulness but it has also 
its dangers. As a matter of fact, in genuine arthritis, particularity 
of the atrophic type, it has almost no field. In this type of arthritis 
the deformities are caused by contraction (associated with thicken- 
ing) of the joint capsule and to a certain extent of the tendons and 
muscles about the joint. There is also associated with this a marked 
thinning of the bones shown by a loss of their mineral content If, 
then, we undertake to manipulate such a joint under an anesthetic, 
we are confronted with several dangers. One Is the danger of pro- 
ducing a fracture, either a transverse fracture of one of the bones 
forming the joint, or a crushing fracture of the joint surfaces of the 
bones. Atrophied bone crushes with very slight pressure almost as 
easily as ordinary pasteboard, and will often do so more easily than 
the contracted capsule or tendons will stretch- Another danger d 
injury to blood vessels or nerves. For Instance, If a knee has been 
flexed for years to a right angle or less, the arteries and nerves are 
likely to have undergone adapted shortening, and violent stretching 
will either rupture them or narrow the lumen so as to interfere sen- 
ously with the blood supply. For these reasons in a joint of this type 
the temptation to try forcible correction under an anesthetic abnof 
be resulted. If it is done, it must be done gently. The force must 
applied gradually so as to permit alow stretching of the contracts 
tissues, and excessive force must not be used. To define excessive 
force In terms of pounds Is quite impossible. Furthermore, it must « 
remembered that all bones and joints are types of levers, and tne 
force that one applies to a bone may be multiplied many times by W 
iever action Each Joint must be a law unto itself. In attempting to 
reduo; the deformity of a stiff feint by manipulation it is to be re- 
^ iat Jb? deformity is extremely prone to recur. Hence 
should be placed in a plaster cast and held in the corrected po ^ 
until there Is no tendency to relapse. This will be a long time, from 
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six weeks to three months. Personally I much prefer to reduce the 
deformity In this type of joint by gradual reduction by the wed png 
plaster mentioned previously. 

There Is another type of joint which gives much better results by 
manipulative methods. This is the type of joint In which the arthritis 
is of moderate grade with not much deformity, a little capsular thick- 
ening but no effusion in the joint. In fad, the joint gives the impres- 
sion of a “dry” joint. Motion is often limited and is painful. The 
x-ray frequently shows very little change from normal. It is the 
type often called traumatic arthritis, from its frequent association 
with trauma. A typical example is the painful shoulder joint often 
appearing after a fall in which the weight comes on the outstretched 
hand. In this type of arthritis manipulation under an anesthetic often 
gives surprising increase In function. In manipulating these joints 
much care must be taken. The joint should be put through its full 
range of motion gently and only once. Frequently a grating or snap- 
ping will be felt which has given rise to the Idea that adhesions are 
being broken, though it is very unlikely that there are actually ad- 
hesions between the two surfaces of the joint. 


After-Treatment — We must remember that with this type of joint 
we are not usually aiming so much at the correction of deformity as 
at an increase of function. For this reason the after-treatment will be 
totally different. The shoulder Joint should be supported in an im- 
proved position, preferably by a splint Each day the joint should 
be put through its range of motion. 


Physical Therapy. — I have spoken of this type of joint as a “dry” 
joint The physical therapy should be directed towards stimulating the 
flow of blood to the joint to aid in overcoming this dry condition. 
Heat is the most effective way of producing this. Personally I prefer 
wet heat, though the dry heat Is more easily applied. In applying wet 
heat the dressings must be voluminous. The wet application should be 
covered with rubber sheeting and the hot -water bag should be applied 
over this to keep the dressing hot. The use of an ordinary electric 
pad with hot wet dressings U unsafe, though there are now electric 
pads specially devised for this use. The skin should be guarded against 
maceration, and hot dry cloths should be applied after the removal of 
the wet dressing to prevent chilling of the part. Massage is useful in 
jh»e cases. Again the object of the treatment should be kept in mind. 
This indicates stimulating massage rather than sedative. The massage 
riwwd be deep in order effectively to increase the flow of fluid to 
the joint. But the most important part of the physical therapy is the 
active motion of the affected joint Nothing stimulates a dry joint 
as its natural function. This most be carefully guarded In the 
reporting but should be kept up to the limit of tolerance. It is with 
marlSbTe ^ ^ ^ 5 °' calIed bones « tter3 haw their re- 
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Preventive Surgery 

There is still another resource which Is available in the surgical 
treatment of arthritis. It lies somewhere between active surgery and 
physical therapy. It may be called preventive surgery. I lave uid 
previously that active surgery is rarely, if ever, Indicated In the active 
stage of arthritis. Yet It Is In precisely that stage that roost can be 
done to prevent the troublesome deformities which may later require 
active surgical intervention. 


Immobilization, — During the acute stage of an arthritis tbe af- 
fected joints are very sore so that the least motion causes pain. Birr- 
ing this stage of soreness immobilization gives most grateful relief 
and can be made to subserve the purpose of preventing deformities. 
Immobilization may be accomplished in various ways, all of which 
have the same object in view. 


Casts.— -Tbe first Is by circular casts. A cast applied to Immobilize 
the affected joints should extend far enough above and below the jofnt 
to render immobilization complete. For example, a cast applied to the 
knee and extending only five or six inches above and below it is a 
very ineffective method of Immobilization and will not give the de- 
sired relief. It should extend at least from the groin to the ankle 
and it Is better for it to include the foot. Similarly, if the elbow is the 
joint affected, the cast must extend at least from the shoulder to the 
wrist. If it is tbe hip or the shoulder, tbe cast must include practiczDy 
the entire trunk. The joint to be immobilized should be placed in tbe 
position which will produce the least inconvenience If it should reman* 
stiff either permanently or temporarily. These positions are as foflo« 
for various joints: first, for the shoulder, abduction should be to nwny 
90® with the humerus at an angle of about 45° to tbe lateral pja* 
of the trunk. Second, for the elbow, there should be 90° or a ntue 
ess for the right and a little more than oo° for the left If tbe patf»t 
I» right-handed. Third, the wrist should be dorelflexed about 4 °> 
B ! nce , , position allows the fingers to flex easily. Fourth, the 

® placed In the lateral plane of the body and abducted about 
*°, ■ rc ^I to the hip, this position Is open to some argM*rtf- 
it is the best lor walking or standing but It Is inconvenient for snuoS- 
cl - degrees of flexion, 15- or 20°, msfep sitting much more c° nt ' 
fortsMe end do not Interfere much with walking. It is to be ranem- 
?* typw ° f arthritis being considered very rar* re- 
suit toromplete bony ankylosis, so that some motion will frequenW* 
lotor, Which is useful if it t, poioless. Filth, the k«f 
a Untight line bui never hyperextended- J» 
order to prevent .this the limb should be supported both at the ant« 

b^ir^^nMheJ 1 ^ ^ U being applied. Sixth, the ankle shwJJ 
be immobilized at a right angle to the tibia with the foot oeithcr 
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pronated nor supinated. Inasmuch as arthritis oiJy occasionally 
affects a single joint, various combinations will have to be worked 
out with the above principles in mind. The disadvantage of a circular 
cast for immobilization In acute arthritis is that It precludes the use 
of any of the other therapeutic agents, such as heat, etc. This may 
be avoided by splitting the cast on each side while It is still wet The 
anterior half can then be removed for Inspection of the joint or 
application of heat, and replaced after that treatment is finished. In 
this way both the benefits of tbe immobilization In the prevention 
of deformity and the physical therapy can be combined. It ought 
to be remembered that the actual therapy takes a comparatively short 
time each day and that much of Its effect can be lost during the re- 
mainder of the 34 hours. 

Traction. — Another form of immobilization that is useful is trac- 
tion. During tbe acute stage of arthritis there is much spasm brought 
about by friction of the sore joint surfaces on each other. This muscle 
spasm is apparently nature’s effort to immobilize the sore joint. Trac- 
tion acts by drawing these sore surfaces apart and so reducing the 
friction in the Joint It has this advantage over the simple immobiliza- 
tion by casts or splints. Tbe use of traction by adhesive plaster is so 
well known that ft is not necessary to describe the method. However, 
there is one detail which is overlooked at times and which greatly 
diminishes the effectiveness of the method. That is that the adhesive 
should never be applied beyond a point four or five inches below the 
joint on which traction Is being made. If it is placed higher than that, 
the traction is exerted mainly on the akin above the joint with little 
benefit except from tbe immobilization of the joint. Of course, in the 
discussion of prevention of deformities by immobilization by casts or 
traction it must be understood that this applies to those in the acute 
stages who are still bed patients. 

Conclusion 

In dosing the chapter I wish to reiterate most emphatically that 
operative surgery is not advocated for every case of arthritis, no 
matter what the type or whose classification may be followed. Surgery 
In arthritis will always occupy a distinctly back seat (although “al- 
ways” is an extremely dangerous word in medical science). Never- 
theless many arthritic patients have been distinctly benefited by wdl- 
jndged surgery. There is no field of surgery which cnlU for fine r 
judgment, not alone of the physical condition, but of human nature. 
Each case must be carefully individualized, not only with regard to 
the patient’s specific condition, but as to his general condition and his 
n 5 nt *l reactions as well. He most be willing and able to put much 
eflort Into his own after-treatment. All the other resources of roedidne 
“d physical therapy should be thoroughly tried before considering 
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surgery. But if surgery roust be done, “more power 1 ' to the sttrgwn 
and the patient. 
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CHAPTER FIFTEEN 


PHYSICAL THERAPY IN THE TREATMENT OF BRAIN AND 
SPINAL CORD LESIONS 
Loyal Davu, MD., and John Martin, MJ3. 

The treatment of lesions of the brain and spinal cord should be 
directed toward the restoration of the patient to a normal life of social 
and economic independence. The physician frequently makes the error 
of looking with an attitude of hopelessness upon the disabilities which 
result from injury or disease of the central nervous system. The result 
of this fatalistic outlook may be a life of invalidism for the patient, 
vrith physical and financial dependence upon his relatives or com- 
munity. There b do doubt but that many of the crippling deformities 
and contractures which commonly result from cerebral and spinal cord 
Involvement could be partially or wholly avoided by a well-directed 
regime of physical therapy. 


Ckbebral Lesions 


The paralysis which results from disease or trauma of the cerebrum 
b always spastic fn character. Quite commonly the paralysis may at 
first be flaccid, with the absence of all the deep tendon reflexes, but 
eventually an increase of tone develops in the muscles of the affected 
extremities, and this change h accompanied by other signs and symp- 
toms of an upper motor neuron lesion. Briefly these are: increased 
deep tendon reflexes; absent superficial reflexes; the presence of path- 
ologic reflexes (such as the Babinski, Oppenbeim, Gordon and Chad- 
dock signs) ; absence of muscle atrophy; and absence of the reaction 
of degeneration. The motor loss which occurs as the result of a cere- 
bral lesion b In most Instances hemiplegic in nature, although spastic 
tnonoplegias and diplegias also occur. In the hemiplegic type the arm 
b commonly much more affected than the leg, while the face b paretic 
m various degrees in different cases. 

The most common lesions which produce cerebral spastic paralysis 
(i) cerebral vascular accidents (hemorrhage, thrombosis, embo- 
Ibro); (i) Intracranial space-occupying lesions (tumors, abscesses); 
J3) cerebral palsy or “diplegia" of childhood; (4) traumatic lesions of 
cue bndn; and (5) inflammatory’ diseases of the brain or its meninges 
(meningitb, encephalitis) . 


Etiology— Vasotlas Lssioni— Cerebral vascular lesions rant 
“lit IS the most common cause for «U the hemiplegic states. Following 
an arterial hemorrhage or an embolus the onset o[ symptoms is sudden 
and tcule - The symptoms of a thrombosis are more gradual and in- 

4HII r 
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sidlous In their development. If death does not occur daring the &rst 
three weekJ following a cerebral hemorrhage, improvement in u* 
paralysis uniformly appears and may be progressive for many months. 
Most frequently the leg will show the first signs of tapmvwnentjmd 
this is followed by the face, while the arm, being the **5™* 
involved, is the last to show a return of function. At firstu*rtnera 
are absent or greatly depressed and the muscles 
limp and flaccid. Gradually the reflexes increase and 
exaggerated. Rigidity and stiffness appear in the paretic otitfmtie 
and foreshadow the contractures which will later develop- . ^ 

tractures are always much more severe in the upper extremity 
the lower. The floor muscles predominate over the .. 

arm. so that the fingers become drawn into the palm of th 
wrist Is strongly flexed, the forearm is fixed in pronation, andtteeaw 
is semifleaed. With all the joints thus flexed, the entire 
held dose to the side of the chest. If the fingers, 
forcibly extended by the examiner and then released, they /, ^ 
back Into their former position. If allowed to remain u 
these attitudes, the joints become ankylosed, muscles ana ^ 

come rigid and contracted, and deformities result whi Pr 
come Irreparable. Passive manipulation of such muscles 

painful to the patient. In the lower extremity rigidity o , ^ 
develops in the position of extension. The knee is extended 
there is a tendency for the foot to assume a position oieq^ 

Thus the distal segments of both the upper and lower ext _ , ure3 

affected to a greater degree. In the presence of marked c ^ 
the limbs are moved as a whole by the muscles of the pe ^ 
shoulder girdles, with little or no motion of the Individual 
the extremities. In walking the weight is carried upon th 9 wung 
and by the trunk and pelvic muscles the paralyxed cxtremay , ^ 

forward, the toe dragging in an arc-like course around the 
unaffected foot. This is the typical “circumduction’ gait o 
plegic patient. tn the 

Evidence of circulatory disturbance may be quite mar ^ 

paralyxed arm or leg. At first the limb appears red and ^ 

sp iration may be profuse; the skin may b^ome soggy and 
Growth changes may appear early In the hair, nails and stin ' 
tuafly the skin temperature of the affected extremities Is 1110 
than that of the unaffected side, so that the weakened extremi 
actually feel cadaveric to the touch. While trophic changes min 
stages of a hemiplegia are not common, an ncnte decubitus 
develop any place on the affected side, especially as the result 
longed pressure, and ulceration in the palm may ocaU tin ^ 
severe pressure of the nails of the rigidly flexed fingers. '» “V a 
muscles atrophy It is because of disuse. Electrical examination *?.; c 
normal reaction of the muscles and peripheral nerves to the iaitCU 
and galvanic currents. become 

The paralyxed hand may suddenly open or the spastic leg n fCLn ^' 
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flaed, quite Independently of any voluntary effort- Following such 
Instinctive actions as yawning, sneezing or stretching, the entire upper 
extremity may be raised over the bead. Or, If the patient attempts to 
dose and open the sound hand, similar abortive movements may occur 
on the paralyzed side. These associated movements and certain athe- 
toid phenomena must be evaluated properly to avoid the false assump- 
tion that they signalize the return of voluntary movement in the para- 
lyzed limbs. 


Space-Occupying Lesions. — The paralyses which develop as the 
result of intracranial tumors or chronic abscesses are also of the upper 
motor neuron type. However, if they are small enough, or well enough 
localized to one small functional area of the cerebral cortex, they may 
involve only one extremity upon a side. Moreover, the development of 
the paralysis is more gradual , and quite frequently the patient Is able 
to trace the successive involvement of the face, arm and leg. In contra- 
distinction to the hemiplegia caused by vasoilar accidents, the in- 
volved extremities rarely exhibit the Initial stage of flacddlty because 
the onset of the paralysis is usually less acute. However, in the pres- 
ence of a tumor or an abscess the muscles are ordinarily spastic and 
rigid from the beginning. An exception to this may be made in the 
uncommon event that a sudden hemorrhage occurs within a tumor 
mass. The resultant massive insult to the cerebrum may then be so 
great that a flaccid hemiplegia or monoplegia results, later becoming 
spastic. Convulsive seizures in the involved extremities (of localizing 
value), or repeated tonic spasms, are common irritative phenomena 
which accompany intracranial space-occupying lesions. In all other 
respects the paralyzed extremities exhibit the same characteristic 
symptoms that have been described In the more acute hemiplegic state. 

The surgeon who successfully removes an intracranial tumor which 
has produced a hemiplegia has only partially fulfilled his obligation to 
the patient. Every passible means should be exhausted In the attempt 
to retort the use of the arm and leg by the many {Possibilities of 
Physical therapy. 


Cerebral Palsies or Childhood. — Spastic diplegia (also called 
Little’s disease) is the most common form of congenital cerebral paral- 
yser although hemiplegias and monoplegias also occur. In the hemi- 
plegic or quadriplegic types the arms are commonly affected more 
severely than the legs. More frequently than not such a condition Is 
associated with a mental defect or with epilepsy. The severe forms are 
phyious at birth, but milder cases may not show definite symptoms 
before the age of six or seven months. Grossly the brain is usually 
and there is sclerosis and cortical atrophy on one or both sides 
in Collier’s words, It fa n “small, primitive type of brain, destitute of 
neurones.” 1 


In some children suffering from this condition tbe rigidity end son. 
IWty are >o great that the eitremitfes present a lead-pipe resistan^to 
waive movements ol any sort. The spasticity in the iotmSfr^ti M 



A IB 


Brain and Spinal Cord Lctioni 


tend3 to flex the hips and knees, and to adduct the thighs until the 
knees are held so dose together that it is difficult to bathe and drea 
the patient. If the child Is placed in a chair, the rigid lower limbs 
remain unsupported In a horizontal position. When the patient fa 
placed upon his feet, the legs cross, the heels fail to touch the floor, 
and walking is impossible. As the child grows older there is a tendency 
for the development of an equlnovalgus or equino varus as well as a genn 
valgum. Some patients manage to keep the feet widely separated so that 
a sh uffling gait, with toes scraping along the floor, is accomplished. In 
the milder forms of the disease the patients exhibit only slight spa*- 
titity of the legs, so that there is only a tendency to walk on the toes. 

Many such children develop Involuntary athetoid or choredd move- 
ments in the hand, usually from nine months to two years after the 
onset of symptoms. Such movements become very complex andmay 
be intensified and accompanied by involuntary grimacing upon volun- 
tary attempts to move the limb. When the patient tries to grasp 
object, the fingers are hyperextended and widely sq>arated. Tne band 
approaches the object in a clumsy, alow, awkward, and poorly con- 
trolled manner. These movements may even become so serpentine tnat 
the patient’s arm winds about his neck or back. In the majority oi 
cases these vigorous involuntary movements appear only when stim- 
ulated by voluntary effort or by some emotional disturbance, ana 
though they are purposeless they are useful in keeping the muscles in a 
good state of nutrition. Associated movements which occur when t 
paralyzed extremity attempts to follow the healthy hmb art more 
marked and bizarre in these cases than in the hemiplegias which 
been described previously. 

Contractures In the extremities develop rapidly, Just as in the spastic 
paralysis due to vascular lesions, so tha t grotesque attitudes mar 
result. The low mentality of the patients, and such complicating a ors 
as blindness and epilepsy seriously influence the treatment, s inc e 
apy must be directed toward the mental state by special 
such a time as the brain ran be a.snmed to have attained Its full 
definitivo development 

Trauma. — The commonest forms of trauma to the cerebruui are 
gunshot wounds and depressed or comminuted fractures of the s 
The former constitutes a common lesion in time of war, while _uw 
latter is frequent in civilian life following automobile accidents, huen 
injuries, Involving the motor cortex, cause a spastic paralysis that b 
usually hemiplegic or monoplegic In form, and indeed the tojuiynia) 
be so discrete In the brain as to cause quite an isolated paralysis ° 
some part of the body. Recovery from -the Initial cerebral damage m 
this group of ernes oSets a good opportunity for the active treatmem 
of these patients by physical therapeutic means. Here, again, the paw; 
ysis ia of the upper motor neuron type, with spasticity of the tovolveo 
extremities nod increased deep tendon reflexes similar to those seen m 
the lesions previously described. Failure to Institute adequate ti* 01 " 
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ment results in the development of contractures and ankylosed joints 
which deform the extremity beyond hope of returning the individual 
to a useful position in life. Other injuries occurring at the same time 
as the cerebral trauma may require prolonged hospitalization, such as 
a fracture, or an osteomyelitis from a badly soiled compounded frac- 
ture, and contractures may even develop while such complications are 
being taken care of if physical therapy is not instituted at the proper 
time In the handling of the paretic extremities. 

The disabilities arising from these lesions are due to direct injury 
of the brain or occur as the result of subsequent infection. Early and 
thorough surgical treatment of these wounds with adequate ddbride- 
raent and primary closure affords the best method of securing rapid 
healing with a minimum of eventual motor loss. Of recent years the 
derivatives of sulfanilamide have been of great aid In controlling the 
Infections which tend to develop in such wounds. The residual loss of 
function in traumatic lesions of the brain depends, of course, upon 
the exact site of the injury. It is not uncommon to observe complete 
paralysis of the upper and lower extremities as the result of an injury 
to the frontal or occipital lobes some distance from the motor cortex. 
One patient, JA., was struck by an automobile and sustained a com- 
minuted skull fracture over the posterior parietal area, and when the 
wound was surgically cared for 35 or 40 grams of cerebral tissue, 
macerated and mixed with hair and street dirt, were removed from the 
wound, along with fragments of bone. The cortical Injury was well 
posterior to the sensory' area of the right cerebral hemisphere, yet the 
man suffered a paresis of the left side of the face and left upper ex- 
tremity with only slight loss of position sense in that limb. He later 
developed typical Jacksonian seizures involving the left side of the 
face and the left arm. In such instances, however, unless there has 
been actual injury to the precentral area of the cortex, one may expect 
with some confidence to see a gradual disappearance of the paralytic 
symptoms. Immediate and severe paralysis, which is more commonly 
hemiplegic in character, results from direct injury' to the motor cortex. 
At first this paralysb is flaedd with abolition of ail reflexes. Soon, 
however, there is an increase of tone such as has already been de- 
scribed in the hemiplegic state. The deep tendon reflexes become In- 
creased, well-marked spasticity develops, and, if active treatment is 
aot Instituted, contractures and mal postures appear. 

iNTLAiaiATOSY Lebionb. — When either an acute or low grade in- 
flammatory process becomes established in the meninges and subarach- 
noidal spaces of the brain there may result a spastic paralysis which 
differs in no way from that described following other cerebral lesions. 
While immediate recovery from meningitis Is now less problematical 
than it formerly was, due to the use of sulfanilamide and its deriva- 
tives, it U not at allnincommon to see paralytic sequelae follow recov- 
ery. This U also true of encephalitis. The paralytic complications of 
both of these inflammatory lesions are more common in children than 
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they are In adults. They are both accompanied frequently by convul- 
sive seizures which are commonly Jacksonian In type. These latter may 
be so frequent that a true status epHepticus develops. It is interesting 
to note that in these cases the cortical tissue may become very sclerotic, 
hard and firm, so that a ventricular needle Is Introduced with some 
difficulty and with the sensation of passing it through hard, sandy sdL 
Clinically, the children who have suffered from encephalitis and 
then develop spastic paralysis are much like those children who have 
had spastic palsy from birth. While the paralysis in the latter instant 
Is more commonly due to hemorrhages (frequently of a widespread, 
interstitial type) which occur during birth, the former paralysis may 
develop as the result of an infection at any time. In contrast, also, 
their mentalities may be quite normal. The spasticity of their extrenu- 
ties and the deforming contractures of their hands and feet are sim 
in all respects. 


TREATMENT OF LESIONS RESULTING IN MOTOR DYSFUNCTION 

The widespread feeling that recovery from the paralysis oil cere- 
bral lesion was Impossible has been responsible, to a great e» > 
the lack of concerted effort toward the continued treatment o 
patients. In 1915 Frans, Scheetx and Wilson * called attention 
fact that the conclusions regarding the permanency of paralysis _ 
cerebral accidents were neither accurate nor based ujxin 80 
principles. They pointed out the striking Improvement which 
effected by careful and persistent attention to this groups _u_il 

In general, the treatment of the paralysis resulting from 
lesions may be divided Into that which is used immediately 
which may be employed later In the course of the lesions. 

There is little doubt that complete mental and physical rest^ 
prolonged period is one of the most Important steps in thetrraciKu 
of cerebral damage, regardless of Its etiology. By rigid en ^ or ^ 0 T 7 ^ 
this treatment, the cerebrum may be given every opportune Uvular 
cover its normal function as much as possible. Particularly ui 
accidents such a method of treatment will aid in preventing wna ^| fl 
be a fatal recurrence. Good nursing, with care fid attention to^^ 
of the back and buttocks, will prevent the development °‘ 
sores which may be very difficult to heal and may impede the appu 
tlon of physical therapy. Attention to the bladder, which 
and overflow, wfll often prevent the extreme restlessness 
traumatic cerebral cases. The patient’s position must be change^, 1 ^ 
fluently, particularly the aged, if the development of “wet hmgs 
frank pneumonia Is to be avoided. Dehydrating agents, such as 5 ^ 
cent sucrose administered Intravenously, should be used JudlciotDij 
the acute phase of trauma or cerebral vascular accidents, a 3 
after the surgical removal of certain tumors, In the effort to keep 
swelling at a minimum. Spinal punctures are useful in the eariy . 
of the treatment of traumatic lesions, and when done cnrefuUy wi 
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manometric control they not only drain off the bloody spinal fluid 
which acts as an irritant and causes restlessness, but they also offer 
the best means possible of keeping patent the absorptive mechanism 
in the cerebrospinal fluid spaces, the arachnoidal villi. 

Paralyzed Extremity. — The adoption of measures to insure rest 
should in no way interfere with the early treatment of the paralyzed 
extremity. Gentle massage of the muscles of the involved extre mi ties 
should be instituted as early as possible after the shock of the original 
trauma has disappeared. This may be associated with mild faradism 
to provide gentle exercise of the muscles. The chief concern of the 
nurse should be to prevent the helpless extremities from remaining in a 
fixed position. Often bedclothes are allowed to rest upon a paralyzed 
foot so that it is forced and held In a position of footdrop. A cradle 
which will keep the weight of the bedclothes off the extremity and yet 
will allow freedom of movement of the sound limb may be made very 
simply. Passive movements of all the joints and in all directions should 
be carried oat very gently and should be repeated several times each day. 


Splints. — The employment of light but effective splints to correct 
the tendency of a segment of an extremity to assume a malposition is 
important. The heavy, permanent type of splints, however, may -do 
more harm than good. For example, the use of a light crinoline pos- 
terior molded splint which Is well padded will be just as effective in 
keeping the foot in a correct position at right angles to the leg as will a 
heavy cumbersome plaster-of-Paris splint. As a matter of fact, pillows 
and sandbags may be used in a very effective manner to prevent de- 
formities. The important objects to be obtained are frequent changes 
of position and the prevention of overstretching of paralyzed muscles. 

Splints are not so satisfactory in old neglected cases of spastic paral- 
ysis as they are in cases of flaccid paralysis. However, they may be 
employed judiciously to help overcome long-standing deformities. Tem- 
porary splints should be devised which employ elastic tension, else the 
harm from oversplinting may interfere seriously with their efficiency. 
Each splint should be constructed to meet the individual patient’s need 
and to help him obtain the roost satisfactory results. An easy way in 
which to procure such simple splints, adapted to the special need of 
the patient, is to fashion them from sheet aluminum or other malleable 
metal with hand metal-cutting shears. Such splints, properly molded 
and padded, are quickly and inexpensively made. Here, again, how- 
ever, too much tension must be avoided, since it Is undesirable to 
adte reflex muscle contractions which would defeat the purpose of 
the splint. 


Voluntary Movement. — A s the patient begins to recover, volun- 
tary power will return in the proximal muscles of the hemiplegic ex- 
tremity, and the Increased tone of the muscles will be apparent At 
pa,1 ?’ t ’ 5 hel P ““ShL He jhould be told that the 

ultimate degree of recovery of function depende to a greet extern upon 
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they are In adults. They are both accompanied frequently by convul- 
sive seizures which ore commonly Jacksonian in type. These latter may 
be so frequent that n true status epllepticus develops. It Is Interesting 
to note that In these cases the cortical tissue may become very sderodc, 
hard and firm, so that n ventricular needle is Introduced with son* 
difficulty and with the sensation of passing it through hard, sandy soil 

Clinically, the children who have suffered from encephalitis and 
then develop spastic paralysis ore much like those children who have 
had spastic palsy from birth. While the paralysis in the latter instance 
is more commonly due to hemorrhages (frequently of a widespread, 
interstitial type) which occur during birth, the former paralysis may 
develop os the result of an infection at any time. In contrast, also, 
their mentalities may be quite normal. The spastidty of their extremi- 
ties and the deforming contractures of their hands and feet are similar 
in nil respects. 

TREATMENT OF LESIONS RESULTINO IN MOTOR DYSFUNCTION 

The widespread feeling that recovery from the paralysis of a cere- 
bral lesion was impossible has been responsible, to a great extent, for 
the lock of concerted effort toward the continued treatment of these 
patients. In 1915 Franz, Scheetz and Wilson * called attention to toe 
fact that the conclusions regarding the permanency of paralysis iron 
cerebral accidents were neither accurate nor based upon smentlm 
principles. They pointed out the striking Improvement which cooW oc 
effected by careful and persistent attention to this group of . 

In general, the treatment of the paralysis resulting from cereoriii 
lesions may be divided into that which is used immediately and taw 
which may be employed later in the course of the lesions. 

There is little doubt that complete mental and physical rest tor 
prolonged period is one of the most Important steps In the treatnxen 
of cerebral damage, regardless of its etiology. By rigid enforcemen 
this treatment, the cerebrum may be given every opportunity to re' 
cover its normal function as much as possible. Particularly 
accidents such a method of treatment will aid in preventing what may 
be a fatal recurrence. Good nursing, with careful attention to tbe 
of the back and buttocks, will prevent the development of deco 
sores which may be very difficult to heal and may Impede the a PP“~| 
don of physical therapy. Attention to the bladder, which may disttna 
and overflow, wffl often prevent the extreme restlessness exhiWtrtm 
traumatic cerebral cases. The patient’s position must be changed fre- 
quently, particularly the aged, If the development of “wet hmgs » 
frank pneumonia Is to be avoided. Dehydrating agents, such as 5 ° Pf 
cent sucrose administered intravenously, should be used judiciously m 
the acute phase of trauma or cerebral vascular accidents, as well ® 
after the surgical removal of certain tumors, in tbe effort to keep 
swelling at a minimum. Spinal punctures are useful in the early stages 
of the treatment of traumatic lesions, and when done carefully witn 
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It must be emphasized that the personal attention and care of a 
trained physical therapist can never be replaced or improved upon by 
any kind of mechanical device. The therapist not only exercises pa- 
tience and human understanding, but is able to adapt herself and her 
physical agents much more to the patient’s needs t h a n can ever be 
expected of a machine. The ideal combination, obviously, is composed 
of trained hands and good mechanical equipment. 


Active Movements. — Even though marked contractures are pres- 
ent in late neglected cases, usually active movements are possible, in 
some degree or other, in the affected extremity. The patient should be 
encouraged to practice these movements daily many times. It is often 
necessary to associate them with simple purposeful acts, so that the 
patient’s interest and enthusiasm may be held. Above all, he must be 
completely relaxed and at ease during these periods of practice. No 
attempt should be made to use a spastic muscle until it is relaxed. The 
patient should sit erect, but at ease, beside a table of correct height. 
The elbow and entire forearm of the flexed extremity should rest on 
the table. Relaxation of the elbow, wrist, and hand is then possible. 
It fa common to observe a hemiplegic patient perform movements 
which he fa wholly unable to repeat upon command or in the presence 
of strangers, but he must not be allowed to develop a defeatist attitude, 
and he must be told that failure to perform his exercises properly is 
no cause for discouragement. The tasks to be accomplished must be 
increased slowly and patiently, and he must be made to believe that 
hfa recovery depends largely epon his own attitude. 

Tht use of simple mechanical devices is perhaps the most valuable 
method of obtaining active exercise of muscles. This routine of muscle 
education should be planned to utilize and develop the Intact residue 
to the highest degree of efficiency. Purposeful occupations and play 
center the patient’s attention upon his accomplishments rather than 
upon hfa disability. While the spastic patient may be able to perform 
given exercises, it fa well to show him by means of occupational ther- 
apy that such movements may be quite practical. This fa most impor- 
tant in cerebral palsies of childhood in which, of course, the treatment 
fa limited in extent by the mentality of the child under treatment 

WhDe gross arm or leg movements may be accomplished rather 
Quickly, the hands and fingers recover far more slowly and are more 
obstinate in their resistance to treatment. Franz and hfa co-workers 
found that one of the simplest and most effective exercises was to have 
the patient attempt to open the fingers alter a ball was placed In the 
hand. An elastic rubber ball fa perhaps the best such object to use. 
At first this act may be almost impossible, but soon the patient may 
be able to perform such a movement and pick up the ball as well. The 
tune required to grasp and release a ball may be used as an accurate 
patient’s progress. Attempts to draw a straight line with 
» pcndl; to sort colored glass beads; to arrange wooden blocks* to 
*°lve jigsaw puzzles; to use a fan (this develops pronation and sup’rna- 
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his enthusiastic and persistent co-operation. He must not be allowed to 
lie In bed with the paralyzed arm flexed and folded across his chest 
He should place it away from his body, fully extended, and with the 
band supinated. As passive movements ore Instituted, he should be 
asked to attempt each individual movement with each performance 
and to hold the segment In the position Into which It has been moved 
passively. The arc of the movement should be completed each time a 
passive movement Is employed- 

Tho patient should be closely directed from the beginning of the 
return of the first voluntary movement. The tendency Is for him to 
keep repeating that particular movement to the exclusion of all others. 
He should be taught to attempt new movements and to persist in those 
attempts whether or not they are at first attended by success. It Is wfl 
for him to practice simple, purposeful movements such as he woo Id 
ordinarily perform In his dally duties, such as dressing himself, han- 
dling his own food at table, writing, and receiving objects of yirtous 
kinds into his hands. The ability to keep him from becoming discour- 
aged may account for success or failure, and If his movements accom- 
plish a purpose his Interest and courage will be maintained 


Massage, Vibration, Heat. — In spite of the most carefully directed 
methods of early treatment In cases of upper motor neuron pandysn, 
spastJdty and rigidity of the muscles will tend to develop because of 
the inherent nature of the lesion. Consequently, more strenuous meth- 
ods of treatment to prevent deforming contractures and Joint ankylosis 
will become necessary. 

Unfortunately, most patients who have received cerebral damage 
present themselves for treatment after spasticity and rigidity of tbe 
muscles and deforming contractures have developed In the present 
of marked spastidty, Incorrectly employed massage not only “ 
uiel«s but may increase the rigidity. Spastic extremities exhibit 
neigh ten ed reflexes. Knee and ankle clonus may be elicited by toe 
slightest stimulus. Tbe lightest touch to the lower extremity at spy 
point may produce a marked withdrawal defensive reflex of tbe entire 
limb. Therefore, massage should be very light and should consist more 
of stroking than of rubbing. Franz was able to reduce the hyp^ 
tonldty considerably by vibration. In this maneuver tbe hand » 
grasped and the arm Is shaken or vibrated gently until a distinct loosen- 
ing of the musdes has been noted. Dry heat before massage is begun 
Is of distinct aid in securing this reduction of hypertonfdty, but In our 
experience immersion of tbe limb in a gentle, warm, whirlpool bath hns 
more effective. However employed, heat improves the cfrculatioo 
to these extremities which are colder than the normal limb. . 

Because of the increased reflet activity in these limbs, elect*" 
stimulation of the muscles In the late stages of treatment Is, to gw*™ 
contraindicated. If mild faradiiation canbe used without eadting reSa 
movements of the muscles, It may help to provide active gentle esK- 
cfse for the muscles which are inactive. 
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pjn g, the patient must be encouraged to practice assembled and co- 
ordinated exercises designed to teach him the proper way to walk. He 
must not be allowed to walk in the manner easiest to him (circum- 
duction of the entire leg, without flexion of the hip or knee) without 
matring an effort to correct it He should not be allowed to watch his 
feet, in order that he may more quickly reflexly control his balance. 
He should be made to support his own weight and maintain his own 
balance as completely as possible. Rubber-soled shoes and a rubber 
cap on his cane will add greatly to his feeling of security. 

Passive Movements. — Passive movements of all joints should be 
performed patiently and carefully by someone trained In such work 
and who has a knowledge of the anatomic parts involved. These move- 
ments may be quite painful at first and therefore must never be done 
in a violent manner, and force and determination cannot be used to 
overcome a spastic muscle. At the same time the patient must be 
taught to perform passive movements by himself with the aid of his 
sound extremity, and this be can do while sitting quietly alone without 
other occupation. In this manner the joints may be kept supple, so 
that when active attempts are made the joints can be moved. 

Report of Cases. — The following brief report of two cases will 
serve to illustrate the problems which one encounters and the results 
which may be obtained in the treatment of this group of patients. 

W. R. (Fig. i ) , aged 40, fell off a fast-moving truck and struck his bead upon 
the concrete pavement. There was an “egg-shell” fracture of the right parietal 
bone. The patient was unconscious for twelve hours. When he recovered 
from hi* coma, complete flaccid paralysis of the left arm and leg was observed. 
Eighteen hours later the lower half of the left side of the face was involved. 

It was felt that there were no surgical indications present. The patient was 
treated by hypertonic solutions. The period of flacddlty remained for ten 
days before a gradual increase In tone wai noted. During this time gentle 
manage of the arm and leg was given as well as passive movements of all the 
joints. The left foot was kept at right angles to the leg by the use of sandbags 
and pillow*. 

As spastidty developed, the arm tended to flex across the chest. This was 
kq)t abducted and extended by the use of sandbags and pillows at night. 
During the day passive movements were carried out In all of the joints 
throughout their entire range of movement At the same time the patient 
was encouraged to attempt die same movement voluntarily. 

The first return of voluntary movement was noted fn the face after three 
weeks and this was followed rapidly by movements of the upper arm and then 
bynwvements of the fingers. Active movements of the leg returned last of all 
because the motor cortex near the vertex was contiguous to the site of the 
fracture. When the patient was able to be out of bed after sir weeks, definite 
purposeful exercises were Instituted for the arm and leg. Graduated exercises 
and persistence with determination on the part of the patient resulted In a 
most satisfactory return of function after a few months, so that the patient 
wutvrntuaTIy able to return to a normal life with a minimum of permanent 
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f »3. I — Posttmrmallc hemlpJofk pwtlrot after ilx month* of 
thtnpy. He wu able to walk when dhdmxrd from the hcrftftit *c«n ^ aotioo. 
Injury, awl tor orer aix months he wo treated by nuut, *ctlre »%f*TL\rrideot, 
*nd graduated re -educational extrcbo. When lot aeen, eleven jnn , m 

be wo entirely well except lor a alight retldoal ipajtidty in the left hand. 

tkm) ; to “climb” a small wooden ladder with the fingers; _ond 
needle and thread, are several simple methods of developing 
coordinated movements of the upper extremity. Similar simple, 
exerdses may be devised to re-educate the muscles of the ] °*®L de 
tremlty. No attempts to move the lower limb should cveT /*J2a- 
when the patient Is not at ease and well balanced. From the 
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various types of aphasia or of the anatomic location of the cerebral 
lesions responsible. Many simple exercises may be devised to re- 
educate these patients, based upon the description of the various types 
of aphasia given by Head.* 

Vekbal Defects. — “In severe forms of this disorder the patient’s 
utterance may be reduced to ‘yes’ and ‘no’ and even these words can- 
not always be evoked or voluntarily used. As speech returns, his vocab- 
ulary increases, but his enunciation is slow and halting. Any word he 
is able to recall can, however, be used for naming an object. It may 
be so badly pronounced that it is scarcely recognisable, but it is applied 
correctly. When the patient attempts to repeat what has been said to 
him, the articulatory words are imperfect, although he can usually 
repeat more words than he can pronounce spontaneously. It Is charac- 
teristic of th is form of aphasia that words are evoked with difficulty 
and tend to be abnormal in structure. 

“At first the comprehension oi verbal significance may be somewhat 
impaired. But, after the stage of neural shock has passed away, the 
power of understanding the meaning of words is rapidly restored; 
these patients can not only choose an object to oral or printed com- 
mands but even complex orders may be executed correctly. 

“The power of reading to themselves with enjoyment is spoilt by 
difficulty in remembering a series of words accurately; they are fre- 
quently compelled to look back to the beginning of a long sentence in 
order to obtain its full meaning. On the other hand, reading aloud is 
hampered by the same defects as articulatory speech. 

"As the spoken vocabulary increases, the power of writing Is re- 
gained, although throughout it tends to show the same errors as 
articulatory speech. These patients cannot spell and find difficulty in 
remembering the order of the letters, even in simple words. They write 
more easily to dictation, but are unable to carry in the memory a 
*tring of words or a long phrase. Ability to translate printed words 
into cursive script, though at first diminished, Is as a rule rapidly 
recovered." 

Syntactical Defects. — "This is an easy form to distinguish, be- 
cause the patient tends to talk jargon. Not only is articulation of the 
words Ill-balanced, but the rhythm of the phrase Is defective, and 
there is want of grammatical coherence. The power of naming objects 
wiay be retained In spite of the gross defects by which speech Is ham- 
P^red. Not Infrequently, when the patient cannot utter a name, or 
when the sound emitted Is incomprehensible to his auditor, he writes It 
correctly, proving that he is familiar with the usual designation -of 
the object. 

"Comprehension of the meaning of words is always In excess of their 
use ffi conversation. These patients can choose common objects or 
fu<or» without fall to oral commands in the form of a single word- if 
uuwever, the order Is conveyed in a spoken phrase, it may not be 


Fra * , — FbotofTtoh of s flbrohlajtic mfolntfom*, wrijhln* p« *r*fra> ,» 

tbo ri*b( frooioparirtaJ area of the cerebral cortei in a m*o with a ““F"** . 
bmlpkah. FoItowioK lU rnoovml, phyifcal therapy »u instituted and In 
rooothj th« man waj restored to hi* former occupation *a roanaffO 1 * *** 

L W., aged 33, was operated upon and a fibroblastic penlngfonu, (FTg-*)» 
weighing 98 grama, wnj removed from the right cerebral hemisphere. 
motor cortet lay directly under the tumor, as was attested by the patient 
history of epileptiform seirures and left-aided weakness. FolWng total re- 
moval of the tumor the patient was In every way Improved **crpt lh*t 
motor weakness waa somewhat increased and with it there devriepea 
^ostidty of the muscles which appeared within a few days 
Though the patient was at first not co-operative and disliked any 9D “ . 
P««tvc manipulation, physical therapy treatments want started iTI 
could be taken to the physical therapy department of the bojpflah TMrt 
heat, manage, passive and active were Inatllnted with remaruw: 

roccesa. With continued urging the patient stopped favoring the left 

^ ^ or Purposeful movements, gained sufficient cncfldeora to __ 
with Jess support, using a cane, and became able to swing the l eft eg g 
extr^ifty at his tide when walking with ah normal associated Tt J ovt ^ e ^ A 
In this man s case, not only was good physical therapy needed and *5 
attitude and understanding of the problem bad to te 
devdoped within the patient himself, and with each little Improved 
entnusiasm mounted. 

. ?Sfri h .r 5 .fs® c t* , '~ 1 ' e,,0,B ol tbe ,eft Cerebral hemisphere in 
i 1 *™'? 'c-hviduata, or °< the right cerebral hemisphere in IeftJ«®«? 
indxvid oala , may be accompanied by aphasia. This Is particularly 
aCt f r jf .° y* 5011 " 1 “'°“ “d fa leas common in Intracranial turn® 
or following trauma. It is unnecessary to enter into a discussix” 3 ox ^ 
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elation of meaning and inability to evoke a desired name; both internal 
and external speech suffer as a secondary result. 

“Snch patients read with extreme difficulty both to themselves and 
aloud, especially if they attempt to spell out the words. Single letters, 
even if correctly enunciated, frequently fail to convey their fall nom- 
inal significance. Printed orders are badly executed; but to read them 
aloud is a decided aid to their correct performance. 

"Both tbe act of writing and the power of conveying the intellectual 
content of ideas, evoked spontaneously or in response to something 
beard or read, are greatly affected. Writing to dictation shows the 
same calligraphic faults, although the subject matter is somewhat bet- 
ter reproduced, and, In the severe forms, these patients slavishly copy 
printed or cursive letters, but cannot consistently translate print into 
ordinary handwriting. 

"They can usually count, but suffer from defective appreciation of 
the meaning of single numbers. This interferes with the power to carry 
out simple arithmetical operation, and capacity to formulate the rela- 
tive value of two coins, or to calculate change, U usually more or less 
affected. Games, such as cards, which demand rapid and correct recog- 
nition of names and power to register a score, are Impossible. On the 
other hand, chess, draughts, and dominoes may be played correctly. 

"Drawing from a model, or from memory after the object has been 
removed from sight, is easily performed. But, when the patient is 
asked to draw some such figure as that of an elephant from imagina- 
tion, the result is extremely unsatisfactory; all the distinctive features 
are usually omitted. 

"He can usually find his way from place to place so long as dis- 
tinctive landmarks are In sight: but be may hare considerable diffi- 
culty in planning his route beforehand, or in describing the salient 
objects he would meet on his journey. One of the most Instructive 
forms assumed by the loss of function in these cases is the want of 
ability to draw a ground plan of some familiar room. Asked ‘Where 
is the table?’ or ‘Where is the window?’ be can point to the situation 
of each correctly; but he cannot express their relative position in the 
abstract form of a ground plan. Moreover be tends to slip Into an 
attempt to express the principal pieces of furniture in elevation, evi- 
dently reproducing his concrete visual images.” 

Semantic Detects. — "This form of aphasia is character! red by 
*ant of recognition of the ultimate significance and intention of words 
and phrases, apart from their direct meaning. But other functions 
suffer that hare no immediate bearing on verbalization; for in this 
form of disordered speech there is loss of power to appreciate or to 
formulate the general conclusion of a connected train of thought The 
patient' may understand a word or short phrase, and can appreciate 
“>e various. details of a picture, but the significance of the whole 
fK^pes him. Thus, although be comprehends the meaning of ‘summer 1 
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understood correctly. In dailv Intercourse they suffer from inability to 
recall with certainly what tney have been told; not only Is phmil 
utterance defective, but phrasal memory Is transitory. This rruka 
consecutive conversation difficult or impossible, and leads to an appar- 
ent slowness of apprehension. 

“Such patients can understand what they read to themselves, pro- 
vided they are not compelled to reproduce the meaning In words, either 
silently or aloud; for their internal speech is also disturbed by jargon. 

“Single words may be written correctly, but any attempt to convey 
a formulated statement in writing Is liable to end la confusion. Patients 
suffering from the more severe degrees of this affection cannot write a 
letter; but In slighter cases writing Is easier than articulatory speech, 
and all of them can copy correctly, transcribing print into curshr 
handwriting. 

“Counting and the use of numbers is not materially affected, except 
that the pronunciation of the actual numerals Is liable to be defective. 
There is no difficulty with the manipulation of money, or la giving 
the names and relative value of coins. 

“These patients can understand the full meaning of pictures, but 
they are greatly hampered by their jargon, If they attempt to convey 
to others or silently to themselves what they have gathered. They are 
able to draw, unless misled by defective verbalization, and can often 
produce an accurate ground plan of some familiar room. 

‘This disorder is essentially one of balance and rhythm In symWu: 
expression, and syntax suffers greatly. The patient has plenty of words, 
but their production Is ataxic, and they are strung together without 
the usual connecting links. This leads to jargon and renders difucuU 
even internal formulation of words and their meaning.” 


Nominal D etkctb . — ‘ ' This fa essentially a loss of power to vst 
names and want of comprehension of the nominal value or meaning o 
words and other symbols. Not only does the patient faff to name 
objects placed in front of him, but, when asked to point to one o( then 
named aloud or in print, the choice, even if correct, fa made dW 
and with effort. 

"There fa no lack of words and, if the patient fa Intelligent, be 
evokes oat after another, all more or leas aptly associated with 
name or expression he 1s trying to discover. He frequently employ* 
some descriptive statement, such as Svhat you cut with’ for sefasort, 
or, In the case of color, may Indicate how it Is composed or the drcun> 
un ^ 11 1* used. Verbal structure may suffer during 

auuggle to fbd the right word, but repetition fa not materially 
affected; provided they are presented In articulated form, the sotmds 

run taA ...... - 


aflectel; provided they arc presented In articulated form, the 
can be reproduced correctly. The essential defect fs inability to fit * 
name to an object or an object to a name, to recognize the dltfcrma 
between words of contrasted significance and to entente promptly •oral 
and printed commands. This disorder Is mainly due to defective tpprf 
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ciatlon of meaning and inability to evoke a desired name j both internal 
and external speech suffer as a secondary result, 

“Such patients read with extreme difficulty both to themselves and 
aloud, especially if they attempt to spell out the words. Single letters, 
even if correctly enunciated, frequently fail to convey their full nom- 
inal significance. Printed orders are badly executed; but to read them 
aloud is a decided aid to their correct performance. 

“Both the act of writing and the power of conveying the intellectual 
content of ideas, evoked spontaneously or in response to something 
heard or read, are greatly affected. Writing to dictation shows the 
same calligraphic faults, although the subject matter is somewhat bet- 
ter reproduced, and, in the severe forms, these patient* slavishly copy 
printed or cursive letters, but cannot consistently translate print into 
ordinary handwriting, 

“They can usually count, but suffer from defective appreciation of 
the meaning of single number*. This Interferes with the power to carry 
out simple arithmetical operation, and capacity to formulate the rela- 
tive value of two coins, or to calculate change, is usually more or less 
affected. Games, such as cards, which demand rapid and correct recog- 
nition of names and power to register a score, are Impossible. On the 
other hand, chess, draughts, and dominoes may be played correctly. 

“Drawing from a model, or from memory after the object has been 
removed from sight, is easily performed. But, when the patient Is 
asked to draw some such figure as that of an elephant from imagina- 
tion, the result is extremely unsatisfactory; all the distinctive features 
are usually omitted. 

,r He can usually find his way from place to place so long as dis- 
tinctive landmarks are in sight; but be may have considerable diffi- 
culty fij planning his route beforehand, or in describing the salient 
objects he would meet on his journey. One of the most instructive 
forms assumed by the loss of function in these cases Is the want of 
ability to draw a ground plan of some familiar room. Asked ‘Where 
is the table?’ or Where I* the window?’ he can point to the situation 
of each correctly; but he cannot express their relative position in the 
abstract form of a ground plan. Moreover, be tends to slip into an 
attempt to express the principal pieces of furniture in elevation, evi- 
dently reproducing his concrete visual images.” 

Skuajcttc Detects. — "This form of aphasia i* eharacterixed by 
°f recognition of the ultimate significance and Intention of words 
and phrases, apart from their direct meaning. But other functions 
»uffer that have no Immediate bearing on verbalization; for In this 
jonn of disordered speech there Is loss of power to appreciate or to 
lornuuate the general conclusion of a connected train of thought. The 
ffatknt may understand a word or short phrase, and can appreciate 
me various details of a picture, but the significance of the whole 
wapes him. Thus, although he comprehends the meaning of 'summer 1 
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and ‘time/ and knows that Summer time’ has something to do with 
the ‘Daylight Saving Act, 1 he Is unable to say If the docks tie put 
forward or back when It begins. He can carry out a maneuver where 
each action suggests the next, but falls to do so If be Is compelled to 
formulate it to himself ns a whole and Is unable to bear In mind with 
certainty the final goal towards which hit efforts are directed 

“He has no difficulty In forming words and can repeat what is uH 
to him. But In general conversation his sentences tend to trail iwiy 
aimlessly, as If be had forgotten what he intended to say. If he fa told 
some simple story and is asked to reproduce it by word of mouth or 
in writing, many essential elements may be omitted; this ocean to an 
even greater degree after reading it to himself silently. He cannot 
retain the total conception of its meaning, which is necessary for P®"’ 
feet narration. He may be able to enumerate the details one by roe 
correctly, provided he is allowed to mention them In any order » 
they may happen to recur In his memory; but his knowledge fa episode 
and is not co-ordinated by a general logically expressed formula. 

“The clock tests, reveal the nature of this disorder in a 3 £ ntiI ? 
manner. The patient confuses the two bands, does not know how to 
approach the task of setting them to oral or printed commands, a 
forget* the meaning of ‘past’ and ‘to’ the hour. Even direct 
on one dock of the time shown on another may lead to conrnskui; , 
whatever the form assumed by the test, the patient Is liable to 
understand the intention of what he is osked to do. On the other » 
except In the gravest cases, he has do difficulty in telling the time, pro- 
vided he is allowed to keep the dock In light until he has p 
his answer. . 

“Such patients can write, but the result tends to be inaccurate 
confused. Although spelling may be careless and the letters ioiperiecu/ 
formed, semantic defects are more liable to disturb the iote . 
content and logical sequence of what is written than its 
Not infrequently the written account of a set of ideas arising span* 
tsneously, or suggested by something the patient has heard or 
trails away aimlessly just like the spoken narration of the same ooje^ 
The power of reproducing a logical and orderly sequence suffers more 
severely than the direct act of writing. , 

“Counting is possible, and the actual value of numbers sno 
may be recognized correctly. But the patient becomes confused Ji re 
is asked to state the relative value of two pieces of money; m 
life he finds profound difficulty in calculating the price of anarno 
he has purchased, although he remembers how much he has ezp rooe ^ 
Arithmetical operations, such as addition and subtraction, arc , cflrr T. 
out uncertainly and with difficulty, because the nature of such wvr 
ematical processes Is Incomprehensible. 

“Such patients fail to understand Jokes which demand 
comprehension of printed words or pictures. They cannot pkypj™ 
games, draughts, or dominoes; Dor can they put together pnaia> 
which confuse them greatly. 
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“Drawing, even from a model, shows considerable loss of general 
constructive power. These patients do not, as a rule, block, out the 
drawing, but tend to begin at some one point and follow round the 
outline of the object detail by detail; this weakness of design is also 
evident when they try to reproduce It from memory. Attempts to draw 
an elephant us uall y end in confusion and occasionally the m a r ks on 
the paper do not correspond to a coherent figure of any kind. 

“None of this group could draw a plan spontaneously of a room with 
which he was familiar; unimportant details might be filled in, though 
salient features, such as the windows and doors, were omitted. This 
is not doe to lack of memory of details, but to want of power to unite 
them into a coherent whole. For if I drew an outline plan and indicated 
upon it the position of each object as the patient pointed It out to 
roe, he could subsequently reproduce this plan without fall. 

“These patients are completely unable to find their way alone; they 
do not take their bearings and fail to recognize landmarks, or to 
appreciate that they are passing over ground that should be familiar. 
They do not know which way to turn, and if they chance to cross to 
the opposite side of the road become confused, ignorant in which 
direction to walk. 

“Semantic disorders Interfere seriously with the activities of daily 
life. The patient finds difficulty in collecting the subjects required to 
set the table for a meal, in adjusting the complexities of a military 
belt, or in putting together the different parts of a piece of furniture 
he has constructed. Such defects render him useless for any but the 
simplest employment; yet his memory and Intelligence may remain on 
a relatively high plane. He does not forget people and places and his 
power of remembering detail Is sometimes remarkable. He can recall 
spontaneously events both recent and remote and may be able to fur- 
nish valuable information with regard to his disabilities. It la not 
‘memory’ that is affected, but the power to co-ordinate details into a 
Jicneral formula for external statement 

“The tendency to confusion and want of comprehension of what is 
going on around them leads these patients to seek solitude and to shun 
their fellows. In some Instances this produces an odd form of behavior 
ot even a definite psychosis.” 

The full direct quotation from Head’s description of these disorders 
of speech has been given purposefully. It would be needless repetition 
to call attention to possible methods of re-educating these patients 
after they have been so dearly pointed out by Head. It should be em- 
phasized that they are simple and can be carried out daily by the 
interested and Intelligent co-operation of relatives. 


TREATMENT OP I38IONS RESTTLTTNO TN SENSORY DISABILITY 
yuCTjaj- lesions of the cerebrum which Involve the posterior Umb 
"1 the Internal capsule art characterized by a spastic hemiplegia which 
? accompanied by a hemianesthesia upon the same side as the motor 
dyslunctlon. Intracranial tumors which involve the parietal lobe that 
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and ‘time/ and knows that 'summer time’ has something to do with 
the ‘Daylight Saving Act/ he Is unable to say if the clocks are put 
forward or back when it begins. He can carry out a maneuver where 
each action suggests the next,- but falls to do so If he Is compelled to 
formulate it to himself as a whole and Is unable to bear In mfod with 
certainty the final goal towards which his efforts are directed 
“He has no difficulty In forming words and con repeat what Is said 
to him. But In general conversation bis sentences tend to trail my 
aimlessly, as If he had forgotten what he Intended to say. If be Is told 
some simple story and Is asked to reproduce it by word of mouth oc 
In writing, many essential elements may be omitted; this occurs to ta 
even greater degree after reading it to himself silently. He cannot 
retain the total conception of its meaning, which fa necessary for per- 
fect narration. He may be able to enumerate the details trae by ost 
correctly, provided he Is allowed to mention them In any order *s 
they may happen to recur In his memory; but his knowledge fa episodic 
and Is not co-ordinated by a general logically expressed formula. 

“The dock tests, reveal the nature of this disorder In a stntm« 
manner. The patient confuses the two hands, does not knovrame 
approach the task of setting them to oral or printed 
forgets the meaning of ‘past’ and ‘to’ the hour. Even direct 
on one dock of the time shown on another may lead to 
whatever the form assumed by the test, the patient fa , 

understand the Intention of what be fa asked to do. On the other » 
except in the gravest cases, he has no difficulty In telling the t“ ne *Jr“\ 
vided he fa allowed to keep the dock in sight until be has grv 
his answer. j 

“Such patients can write, but the result tends to be iruiccurate 
confused. Although spelling may be careless and the letters hnp« K 
formed, semantic defects are more liable to disturb the 
content and logical sequence of what fa written than Its verbal 
Not Infrequently the written account of a set of Ideas anting spon- 
taneously, or suggested by something the patient lias heard or rejj 
trails away aimlessly just like the spoken narration of the same oojetu 
The power of reproducing a logical and orderly sequence suffers wav 
severely than the direct act of writing. . 

“Counting fa possible, and the actual value of numbers ana 
may be recognized correctly. But the patient becomes confused u 
Is asked to state the relative value of two pieces of money; m 
life he finds profound difficulty In calculating the price of ananrej 
he has purchased, although he remembers how much he has e3t P CI TfS 
Arithmetical operations, such as addition and subtraction, a« cam . 
out uncertainly and with difficulty, because the nature of such ®atn- 
ematical processes Is Incomprehensible. , 

“Such patients fafl to understand jokes which demand COtnp« 
comprehension of printed words or pictures. They cannot fw 
games, draughts, or dominoes; nor can they put together puz»°' 
which confuse them greatly. 
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atonia are the moat outstanding symptoms of cerebellar disease. Volun- 
tary movements may be performed with excellent motor power but 
with marked incoordination and loss of the ability to measure accu- 
rately the range of movement. In general, lesions of the cerebellar 
hemisphere give rise to symptoms in the extremities, while the vermis 
of the cerebellum exercises a control over the trunk movements. How- 
ever, not too much dependence must be placed in the exact localizing 
value of clinical signs, for very frequently a lesion quite discretely 
placed within one hemisphere may by its symptoms lead one to diag- 
nose a micHine tumor, and vice versa. 

The affected limbs show a definite decrease of muscle tone and are 
flacdd and rather flaillike. The hand and fingers or the foot may be 
dorsifiexed or plantar flexed to an abnormal degree. If the forearm is 
held fixed at the elbow, it may be shaken so that the hand flaps about 
like a loose appendage. If the forearm is flexed strongly against resist- 
ance which is removed suddenly, the hand may be jerked toward the 
patient’s shoulder with a grossly uncontrolled movement This loss of 
check reflexes may be demonstrated in the upper and lower extremities 
in a variety of ways. If, for example, the knee reflex is obtained with 
the patient sitting and the lower leg dependent, the Initial jerk is fol- 
lowed by many repeated oscillations before the leg finally comes to 
rest Attempts to perform rapidly alternating movements with the 
hands are characterized by large, awkward, In coordinated movements 
upon the affected side. 

Likewise, the tests for dysmetria or asynergia are characteristic of 
cerebellar dysfunction. If the patient attempts to place his forefinger 
on the tip of his nose with his eyes closed, the affected extremity 
misses the mark widely or there is a coarse ataxic tremor present at 
the end of the movement. The same loss of the ability to measure a 
movement may be shown by the test which requires the patient to 
place the heel of one foot upon the opposite knee, with the eyes dosed. 

The atonia and asynergia are exhibited in the drunken, swaying 
gait of the patients with cerebellar disease. The ability to balance 
themselves may be markedly affected. This may be tested by having 
the patient stand on one foot alone and unsupported. With the affected 
extremity raised, he will be totally unable to balance himself, and the 
affected extremity will describe large awkward arcs as he attempts to 
uuintain his equilibrium. On the contrary, when he stands on the 
affected extremity with the sound one raised, be is able to balance him- 
self much better. 

In lesions which affect the vermis of the cerebellum, the patient may 
be wholly unable to sit erect, unsupported. The entire upper body may 
pitch forward, backward, and laterally in the attempt to remain 

upright 

Attention has been called to these signs and symptoms of cerebellar 
dysfunction because they point out quite simply and effectively the 
methods to be used in re-education. It must be emphasized that there 
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is, posterior to the central sulcus, produce sensory disturbances. This 
is also true of traumatic lesions which involve the same portions of the 
cerebral cortex. 

All of these sensory' changes differ considerably from those which 
accompany spinal cord or peripheral nerve lesions. Usually there is do 
gross loss of sensation in the sense of an absolute analgesia or anes- 
thesia. There may be slight, if any, change in the patient’s ability to 
appreciate tactile, painful, or thermal stimuli. Rather, he may describe 
them ns unnatural and be unable to localize accurately the site of 
the stimulus. 


On the contrary, such a patient Is unable to appreciate the sense of 
position or small movements of a segment of the limb. We have 
recently observed two patients with verified gliomas sitoated deep 
within the parietal lobes, and both complained of an inability to piece 
themselves accurately in space. No doubt a part of this feeling of dis- 
sociation from spatial limits was due to an existing homonymous hem- 
ianopsia. The patient may' be unable to recognize the size, shape, 
weight, or consistency of objects. 

If the lesion involves the optic thalamus, the threshold for the recep- 
tion of painful and thermal stimuli may be lowered greatly. The 
response is greatly' exaggerated; so much so, that acute pain and 
suffering may result from insignificant stimuli This type of paroxysmal 
° r w?lf m * C pain may rea “ t form3 °f active treatment 

While trophic ulcerations of the skin, characteristic of peripheral 
nerve lesions, are not present in cerebral lesions, the impaired circula- 
tion of the skin predisposes to decubitus lesions. Cleanliness, dryness, 
and the use of ultraviolet light on the skin are excellent prophylactic 
measures which may be employed when a patient is confined to his bed 
for a considerable period of time. 

The re-education of sensory function may be undertaken upon the 
same fundamental principles already outlined for the treatment of 
motor disability. The patient may be taught to pick out various-sized 
coins or other objects upon command with his eyes dosed He nuy 
practice touching various parts of his body with the forefinger with 
ms eyes dosed. In a similar manner he may re-educate his sense of 
the appredatfon of the shape of square, triangular, or rectangular 
wooden blocks. Various textures of pieces of doth may be used for 
v!. F^T**?*- Here, again, all of these simple exercises may 

dma “ d 811 ° f am may be carried out dally to 
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mwa of cerebellar dysfunction are IntracranUl 
riuee direct Inln'nrTr. cnm,af f°sea and traumatic lesions which pro- 
^nt™ ™ ri? <he cerebellum. Whereas cerebral lesions produce 
ri T i H wri.Hli ‘t' “ nt ™totera] ^ dt of the body, cerebellar talons ar 
by Ipaflateral signs and symptoms. Asynergis aw 
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atonia are the most outstanding symptoms of cerebellar disease. Volun- 
tary movements may be performed with excellent motor power but 
with marked incoordination and loss of the ability to measure accu- 
rately the range of movement. In general, lesions of the cerebellar 
hemisphere give rise to symptoms in the extremities, while the vermis 
of the cerebellum exercises a control over the trunk movements. How- 
ever, not too much dependence must be placed in the exact localizing 
value of clinical signs, for very frequently a lesion quite discretely 
placed within one hemisphere may by its symptoms lead one to diag- 
nose a midline tumor, and vice versa. 

The affected limbs show a definite decrease of muscle tone and are 
flaccid and rather Saillike. The hand and fingers or the foot may be 
dorsiflexed or plantar flexed to an abnormal degree. If the forearm Is 
held fixed at the elbow, it may be shaken so that the ha n d flaps about 
like a loose appendage. If the forearm is flexed strongly against resist- 
ance which is removed suddenly, the hand may be jerked toward the 
patient's shoulder with a grossly uncontrolled movement. This loss of 
check reflexes may be demonstrated in the upper and lower extremities 
in a variety of ways. If, for example, the knee reflex is obtained with 
the patient sitting and the lower leg dependent, the initial jerk is fol- 
lowed by many repeated oscillations before the leg finally comes to 
rest Attempts to perform rapidly alternating movements with the 
hands are characterized by large, awkward, in coordinated movements 
upon the affected side. 

Likewise, the tests for dysmetria or asynergia are characteristic of 
cerebellar dysfunction. If the patient attempts to place his forefinger 
on the tip of his nose with his eyes closed, the affected extremity 
misses the mark widely or there Is a coarse ataxic tremor present at 
the end of the movement. The same loss of the ability to measure a 
movement may be shown by the test which requires the patient to 
place the heel of one foot upon the opposite knee, with the eyes dosed. 

The atonia and asynergia are exhibited in the drunken, swaying 
gait of the patients with cerebellar disease. The ability to balance 
themselves may be markedly affected. This may be tested by having 
the patient stand on one foot alone and unsupported. With the affected 
^tremity raised, be will be totally unable to balance himself, and the 
affected extremity will describe large awkward arcs as he attempts to 
maintain his equilibrium. On the contrary, when he stands on the 
affected extremity with the sound one raised, he Is able to balance him- 
self much better. 

In lesions which affect the vermis of the cerebellum, the patient may 
be wholly unable to sit erect, unsupported. The entire upper body may 
pitch forward, backward, and laterally in the attempt to remain 
upright. 

Attention has been called to these signs and symptoms of cerebellar 
dysfunction because they point out quite simply and effectively the 
methods to be used In re-education. It must be emphasized that there 
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fa no paralysis present Active voluntary movements are possible, bet 
they arc asyncrgfc. We haw been Impressed with the striking results 
which have been obtained In our attempts to re-educate patients who 
have been operated upon for the removal of intra cerebellar or cert- 
behopontfle angle tumors. Simple exercises designed to re-educate co- 
ordination of their muscles and based entirely upon the characteristic 
ilgru of their dysfunction have been employed. It is quite true that fa 
some instances former occupations 'which require finely controlled tad 
coordinated movements cannot be regained, but gainful occupations 
which require less accurate movements may be opened to these 
patients. 

We have employed such simple exercises as having the patient pfcl 
up a glass of water from the table, take it to the mouth, and replace 
it without spilling its contents. He must be shown how to do thb fa 
one continuous, smoothly coordinated act. He may be taught to prac- 
tice walking along a straight line drawn on the floor, making certain 
that he looks ahead and not down at hfa feet Again, he may practice 
the same acts which have been described as tests for cerebellar dys- 
function, Here, as in cerebral lesions, result* may be obtained more 
satisfactorily if purposeful exercises are employed to hold the patient’s 
interest and to provide a goal toward which he may strive. Adult 
patients may be self-conscious in making their practice maneuvers be- 
fore an audience, and it fa important that the patient practice fas 
movements with relaxation, self-confidence, and a feeling of steady 
attainment. Doubt or discouragement must not be allowed to develop 
in his mind. We have also employed motion-picture studies to show 
these patients the results of their persistent efforts. 


Spinal Coon Lesions 

. *P e .! y ? , P tomi which result from involvement of the spinal cord are 
to be distinguished from those which result from injury or disease ot 
the cauda equina. Spinal cord lesions are charset erired by the svmp- 
7™* ot ** motor neuron lesion. These are spastic paralyiu. 
mcreaseq deep tendon reflexes, pathologic reflexes, absence of super- 

sbwa “ of mu!de ‘trophy of rac<1 T.£, f 

' ! In difFct oootnut, C » uda equina lesions art essentially 
nf nerVe fa that the lymptoms present are those 

^r^hTTJ tt0t0 L? ellr00 ^ on - Tbrac *« flaccid paralysis, ®u*ck 
’ j reaction of degCTieration, and absence of deep tendon 
reflexes. 

function in either event is one which involves meet 
wTihi? ™ extremities. A spastic or ftaedd paralysis U, there; 
{"^i^Sses'ive of ,p lMl ££ involvement Lesions of the 
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is no paralysis present. Active voluntary movements are possible, bet 
they are asynergic. We have been impressed with the striking results 
which haw been obtained in our attempts to re-educate patients who 
have been operated upon for the removal of intrn cerebellar or cere- 
bell opont He angle tumors. Simple exercises designed to re-educate co- 
ordination of their muscles and based entirely upon the characteristic 
signs of their dysfunction have been employed. It is quite true that in 
some instances former occupations which require finely controlled and 
coordinated movements cannot be regained, but gainful occupations 
which require less accurate movements may be opened to these 
patients. 

We have employed such simple exercises as having the patient pfci 
up a glass of water from the table, take it to the mouth, and replace 
it without spilling its contents. He must be shown how to do this m 
one continuous, smoothly coordinated net. He may be taught to prac- 
tice walking along a straight line drawn on the floor, making certiin 
that he looks ahead and not down at his feet Again, he may practice 
the same acts which have been described as tests for cerebellar dys- 
function. Here, as In cerebral lesions, results may be obtained more 
satisfactorily if purposeful exercises are employed to hold the patient s 
interest and to provide a goal toward which be may strive. Ada 
patients may be sdf-consdous in making their practice maneuvers be- 
fore an audience, and it is important that the patient practice ms 
movements with relaxation, self-confidence, and a feeling of 
attainment. Doubt or discouragement must not be allowed to 
in his mind. We have also employed motion-picture studies to snow 
these patients the results of their persistent efforts. 


Spinal Cokd Lesions 

Tbe symptoms which result from Involvement of the spinal cord are 
to be distinguished from those which result from injury or disease ^ 
the cauda equina. Spinal cord lesions are characterized by the symp- 
toms oi an upper motor neuron lesion. These are spastic ppsiy^ 
increased deep tendon reflexes, pathologic reflexes, absence of super- 
ficial reflexes, and absence of muscle atrophy and of the reaction 
degeneration. In direct contrast, cauda equina lesions are osseTi 
like peripheral nerve lesions in that the symptoms present are 
of a lower motor neuron lesion. These are flaccid paralysis, mn*f 
atrophy, the reaction of degeneration, and absence of deep tenoan 
reflexes and of pathologic reflexes. . 

The motor dysfunction in either event is one which Involves toon 
commonly the lower extremities. A spastic or flaccid paralysis is, there- 
fore, highly suggestive of spinal cord Involvement. Lesions oM« 
cervical segments of the cord may, of course, affect all four extreme 
and a quadriplegia results. 
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from the slightest to the most extensive In the different types of cases. 
A rapture of the intervertebral disk into the vertebral canal may In 
some cases, with the lesion being of large size and lying in the cervical 
or thoracic canal, cause rpastidty of a certain degree. 

Degenerative Diseases of the Spinal Cord. — The most common 
degenerative diseases which produce spastic paraplegia are lateral 
sclerosis; amyotrophic lateral sclerosis; posterolateral sclerosis, which 
accompanies pernicious anemia; syringomyelia; multiple sderosia; and 
the familial ataxic disorders. In all of these diseases the lateral pyram- 
idal tracts undergo progressive degeneration. The spastidty and 
paralysis develop gradually and Insidiously. 

In lateral sclerosis the degeneration is limited to the pyramidal 
tracts and sensory disturbances are absent Only the lower extremities 
are involved, so that the rhpiral picture is one of a pure spastic para- 
plegia. In amyotrophic lateral sdetosis there is a concomitant lesion 
of the spinal gray matter of the cervical segments of the spinal cord. 
In this disease, therefore, there are the combined symptoms of a lower 
motor neuron lesion in the arms and an upper motor neuron lesion in 
the legs. The upper extremities present atrophy, loss of tendon re- 
flexes, and flacdd paralysis, plus the reaction of degeneration. At the 
same time the lower extremities present the symptoms of a spastic 
paraplegia in varying degrees. Sensory symptoms are absent 

Pemldous anemia Is the one disease which attacks the lateral py- 
ramidal tracts and the fibers of the posterior columns of the cord 
simultaneously. The predominance of the paraplegic state over that 
produced by the posterior column disease similar to that present in 
tabes dorsalis, or vice versa, Is dependent upon the extent of the path- 
ologic processes. Subjective and objective sensory' disturbances vary 
greatly in each case. Syringomyelia may produce a clinical picture 
similar to that seen in amyotrophic lateral sclerosis. In addition, how- 
ever, there are marked sensory disturbances due to the involvement 
of the pain and temperature fibers as they cross in the anterior gray 
commissure. Multiple sclerosis is characterized by the scattered nature 
of the pathologic lesions present in the cord and medulla. Sensory dis- 
turbances may be present but are usually not well marked. The upper 
extremities are less frequently Involved In the general loss of prwer. 
In both upper and lower extremities the weakness or paralysis is asso- 
ciated with a comparatively moderate degree of spastidty. 

A. group of cases has been described by' n number of authors, begin- 
ning with Strflmpell, which presents pure spastidty and familial traits. 
The spastic condition may appear at any age, and there is paresis only 
In the terminal stages of the disease. Increased tendon reflexes and 
hypertonldty of the musdes are the outstanding symptoms. Sensory 
and sphincteric difficulties are absent. Tbe rigidity of the legs may' be 
90 n^kttl as to make the gait spastic and walking Impossible. 

Tbauma.— I njury of the spina] cord may be tbe result of direct 
trauma to the cord, as by a gunshot wound, a splinter of bone, con- 
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floor, so that the heel is elevated and the patient moves up and down 
on his toes. Finally, the limb becomes fixed, and the opposite extremity 
is advanced in the same manner. Frequently these short and jerky 
steps may be interrupted by violent overaction of the adductor muscles 
of the thighs which displace the knees inward. Sometimes a cross- 
legged or scissors gait is produced. 

If walking is Impossible, the same cross-legged attitude is charac- 
teristic of the patient as he stands. The tendency is for the knees to 
adduct and for flexion of the knee and hip joints to occur. The panem 
may flex his trunk far forward at his hips in his efforts to remain 
standing and to prevent these adductor and flexor spasms from caosmg 
him to Toll. * , . , 

When the patient is bedridden and a spastic P ara Pl e ?“J 3 
developed, the lower extremities may be extended rigidly. 
ductor muscles of the thighs are strongly contracted and may a 
the limbs to be crossed. The marked rigidity may cause the extrtmrues 
to act like rigid pipes which are hinged together. Passive movem 
of one foot upwnrd may be followed by a like movement in the o 
extremity because of this rigidity. In other severe cases of parap ^ 
rigidity may occur in flexion. The legs are strongly fkxed cn 
thighs and the thighs, in turn, may be so completely flexed 
trunk that the knees touch the patient’s sternum. Commonly 1° 
cases there is also a strong adductor spasm which mate u* 1 « i» 
appear to be tied Into a knot. It has been our observation that 
flexor-reflex movements are initiated by the adductor spasm ww 
in turn, followed by flexion of the limbs (Fig. 3). 

The deep tendon reflexes may be exaggerated Incredibly m 
patients. The slightest touch may cause violent reflex movements 
throw the patient about on his bed, or produce flexor-wirndra^ 
flexes which result In a posture similar to that presented hy tne pa 
with a paraplegia In flexion. , , .w, 

The bladder and bowels are affected to a variable degree 
cases. Lesions of the lumbar cord destroy the vesical and rerfai ren»^ 
while involvement of the cord at higher segments removes 
control over these functions. Quite frequently patients may clevt V\j % 
automatic bladder which empties when Its contents have rttcn*“ 
given amount. Mass reflexes may also be present In whlcht* 
limb flexes upon stimulation; this Is accompanied by expulsion 0 
contents of the bladder. 

Sensory and trophic disturbances are variable, depending 01 _ 
upon the horizontal involvement of the spinal cord substance, 
fractures may produce deforming postures which seriously vuPP~ 
these patients and make operative measures necessary to afford 
relief from their suffering. 

Etiology. — The most common causes of a spastic 
(1) degenerative diseases of the spinal cord, (2) trauma, (3) 

( 4 ) birth injuries, and (5) infectious diseases. The symptoms 
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F ». 4^4. DUoc»Uon of the fiflh upoo tbe iklh cmial vertebra, tore tier with 
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cord. (Before appifcation of traction.) 

B. Tbe tame patient, with tbe dbiocatlcm rompietdy corrected. Twenty- four hour* 
after tbe accident, when the patient wa* flat teen, ikull ton** were put in place and 
eo pound* of traction apptkd. He was Immediately relieved of neck, and ihouldex pain 
and toon ihowed rijew of neurologic l e t o c etr. Not* the Increaae to length of tbe total 
cervical iptne after reduction. (Photograph taken three day* after application of traction, 
with traction rtU] to place. 1 

is more commonly observed, whereas, in incomplete lesions, frequently 
extensor types of movements are present. In complete lesions, tbe 
posture of tbe lower limbs is one of slight flexion; in partial lesions, 
extension. As a general rule, partial lesions of the spinal cord generally 
show a condition comparable to that of a decerebrate animal in which 
there are defense reflexes with marked spasticity. Although an extensor 
type of response to plantar stimulation has been observed in complete 
lection of the spinal cord, usually such a stimulation is followed by a 
phmtar flexion of the toes, and, as a fairly general rule, it may be 
xtated that an extensor type of reflex is strongly indicative of an in- 
complete lesion. Inasmuch as prolonged states of toxemia or septicemia 
from urinary sepsis or bed sores hasten considerably the reappearance 
of reflex inactivity in cases of complete section of the spinal cord, it 
frequently occurs that, from the practical standpoint, incomplete 
lesions are relatively easily recognized by tbe long persistence of spas- 
tidty and signs of a paraplegia in extension. Of particular value in 
recognizing incomplete lesions is tbe early appearance of a Babinski 
*ign, the failure to evoke mass reflexes from above the knee, a definite 
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cuMlon or contusion; or It may be the result of Indirect trauma, as 
compression from n fracture-dislocation of a vertebra, or edema. Al- 
though hemorrhages and thrombi may abound at the level of the Injury 
and to a distance of one or two segments above and below, a true 
hematomyella is a rare occurrence. 

Frequently severe Injury and, at times, incomplete section of the 
spinal cord, have been observed with an intact dura mater. As in the 
case of peripheral nerve lesions, a complete physiologic interruption of 
the spinal cord cannot be differentiated from a complete anatomic ooe. 
Both are followed by complete paralysis in the muscles supplied by 
nerves originating below the level of the Injury. In both, complete 
sensory loss results below the level of the segment, and the re Her 
changes and bladder disturbances may be similar. Although many 
cases of Incomplete anatomic lesions of the spinal cord show complete 
physiologic interruption, a large number may be recognized by only 
partial paralysis of the muscles below the level of the lesion or by 


preservation of one or all types of sensibility. Prior to the Great War, 
Bastion’s law- — that, following a complete transection of the cord, fbc- 
ddity was present and all reflex action was lost — was almost univer- 
sally accepted and seemed to afford a method for the easy recognitkr 
of this condition. Recent observations, however varying, have shown 
definitely that this law is untenable. 

Symptomatology * — The symptomatology following a complete tran- 
section of the spinal cord may be divided into three stages. First fe 
the stage of muscular flaccfdlty, corresponding to the period of spina] 
shock, in which the paralyzed muscles are toneless and flabby and 
reflexes, superficial and deep, are usually absent, with retention of 
urine and feces. At times retention of urine incontinence of feces 
have been observed and at times the cremasteric and balbocavemosus 
have been elicited. The second stage, the stage of reflex aetjv- 
ity , begins with the first reflex response to an external stimulus, usually 
from the sole of the foot. In the full development of this stage, a 
stimulus applied to any part of the lower extremity gives rise to a 
flexion reflex of the hip, with adduction of the thigh, knee, and ankle. 
When reflexes can be evoked with ease, an extensive and widespread 
WHex action can be obtained which has been called a “mass reflex. 
This consists of a flexion spasm of the ventral abdominal wall and of 
the lower extremity, evacuation of the bladder when Its contents accrue 
to a f certain amount, and sweating from an area of the skin in the 
paralyzed region. One of the roost receptive fields for exdtiog reflexes 
Is the genital area. During this stage, in some cases the knee end 
ankie jerks can be evoked. Under favorable conditions, an automatic 
function of the bladder and rectum may be established, usually In the 
stage ' th 511 of gradual failure of reflex functions 
of the Isolated spinal cord, usually preceding death, consists of a grad- 
m* COndIti o? oiosely simulating the first stage. 

Certain differences of reaction in corapTete and incornplete lesions 
may be pointed out. In complete lesions, the flexor type of movement 
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The spastic paraplegia fa usually of gradual development in com- 
pression of the cord due to tumor masses, although occasionally one 
may tee the sudden onset of paraplegia due to erosion and collapse 
ol a vertebra by a tumor mass or as the result of a sudden dislocation 
of a tumor vdthln the vertebral canal. We have also seen this happen 
In young patients who suffered a spread downward In the cerebrospinal 
a*is of a rapidly growing medulloblastoma in the posterior cranial 
fossa. Root pains which surround the trunk or radiate Into the limbs 
be early symptoms. Complaints of heaviness, weakness, and clum- 
°f the legs may be made long In advance of paralytic symptoms, 
tingling or “electric” pains are frequently complained of, and each 
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history of an absence of a state of spinal shock, marked 
paralyzed extremities, the involvement of both flex ? r V® of}vt fields, 
in reflex movements provoked by the stimulation oi recep .q^i 
and, of coarse, in obviously incomplete lesions, the a mencc 
paralysis or anesthesia below the level of the lesion. _ , 

Fracture-dislocations of the cervical vertebrae, wtn ^ 

present a somewhat spedalfxed problem in the traumatic 
injury is frequently at the level of the fifth and sixth vert » j^. 
a resultant paralysis of all the muscles of respiration MV ®. . the 
phragm. If the lesion is a physiologic one, and It Vidian - 

entire symptomatology may change within a day or two arte v,.v good 
leal correction of the deformity. We have used skull tongs _ /L TC 
success in such cases, and if adequate weight Is used for tra ^ 
b a rapid return to normal bony alignment In the fresh lnjurr^, ^ 
an immediate relief of shoulder and neck pain and the a PP car *^ 
signs of neurologic recovery (Figs. 4-6). 

Tumohs. — S pinal cord tumors may be intramedullary or ^wTjnr 
ullary in location. The extramedullary tumors may bo 111 "T a t »ny 
extradural and may produce compression of the spinal corci 
point about Its circumference. Intramedullary tumors of the®*™ 
simulate any of tbe degenerative diseases of tbe spinal ^ 

symptomatology. Extramedullary tumor masses may arise 1 
meninges of the.- cord or from the vertebrae. 
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motor neuron lesion. The deep tendon reflexes are absent, there is 
muscle atrophy, the reaction of degeneration is present, and sensory 
changes form a prominent part of the clinical picture. The cauda 
equina of the spinal cord Is involved in the pathology of these lesions. 
Their resemblance to peripheral nerve lesions is striking. 

The most common etiologic factors which produce a flaccid para- 
plegia are fracture-dislocation of the lumbar vertebrae and tumors of 
the cauda equina. Here must be Included, also, the ruptured Interver- 
tebral disk which is so commonly found between the third and fourth 
lumbar vertebrae or between the fourth and fifth. Anterior poliomy- 
elitis which produces the syndrome of a lower motor neuron lesion 
should also be included in the etiology of flaccid paralysis of the lower 
extremities. In this disease there is a total absence of sensory dis- 
turbances. The varying degrees of paralysis which may result from 
this disease and the late treatment of this condition are considered in 
Chapter 8 and therefore will not be considered here. 


TREATMENT OP SPASTIC AND FLACCID PARAPLEGIA 


The treatment of spastic and flaccid paraplegias as the result of 
spinal cord and cauda equina lesions by the use of physical thera- 
peutic means may be considered together. The differences in the treat- 
ment of the spastic and flaccid paraplegic states may be emphasized 
as each type of therapy is discussed. The results of physical therapy 
in the treatment of flacdd paraplegia are much more satisfactory than 
those which can be obtained In spastic paralysis. 


Masxage. — Just as in the spastic limbs of the hemiplegic patient, so 
In spastic paraplegia, reflex activities are heightened. The slightest 
touch may produce marked adductor and flexor spasms. Consequently, 
massage In these cases must be very gentle and should consist of strok- 
ing rather than rubbing movements. On the contrary, massage may be 
more active and may be more effective in cases of flaccid paralysis. 
Massage may be begun with a period of rhythmic superficial stroking. 
Following this all of the muscles of the extremity should be massaged 
with a centripetal motion to affect the venous and lymphatic circula- 
tion. More pressure may be used than at the beginning of the massage, 
but care should be taken not to injure the paralyzed muscles by com- 
pressing them against bones. This may be Increased gradually until the 
massage consists of a gentle kneading. 

Massage should be preceded by exposing the extremities to beat for 
twenty (o thirty minutes. This Is particularly useful in flacdd extremi- 
ty Radiant heat, the infra-red light, hot packs, or a whirlpool bath 
oi warm water are all useful, but they should be used with extreme 
^rebecause of the ease with which the skin of a denervated area can 
beburned. The whirlpool bath, if It can be used without too much 
MKcuIty, U preferable because the motion of the water nets as a 
Stt’ue massage. 
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patient will describe his paresthetic sensations in his own particular 
terminology. As pressure upon the cord increases, compression of the 
pyramidal tracts occurs and spastic paralysis and increased tend® 
refleies appear. Spasticity, marked reflex movements, and moscnlar 
rigidity with contractures may become very pronounced in these types 
of slow cord compression. Spbfncteric loss is a late feature of these 
cases and is usually preceded by lesser degrees of incontinence. Sen- 
sory disturbances vary in direct relation to tbc degree of involvement 
of the afferent fiber tracts in the cord. Trophic disturbances of the 
skin are quick to develop In the presence of poor nursing care and 
prolonged periods of confinement In bed, and it is to the fatemt of 
everyone concerned that such lesions do not develop In these pattern 
who arc always a great nursing core and whose eventual outlook 
be precarious cnougb because of their spinal cord lesion alone. 

Birth Injuries. — A very important cause of motor dlsshlljty h 
children is caused by injury to the spinal cord as the result of °“ tc ^ 
accidents. In the opinion of Crothers * the majority 
to the ‘‘Imposition of tho unphysiologic force of traction, urouun 
emphasizes the fact that the management of these chfldum de P^® 
upon the intactness and re-education of the physiologic 
than upon the exact nature of the anatomic lesion. If the lesion 
fined to the spinal cord, the child at least has the advantage of a P^r” 
mentality. The most common deformity presented is pamplep*, 
the clinical picture may vary enormously with the degrees of pa 
Injury which may be present The least favorable cases are, of 
those with physiologic or anatomic destruction of the lumbar 
ment of the cord. Urinary' sepsis and trophic ulcers complies e 
care of these patients. Complete flaccid paraplegia maybe 
some cases due to an almost complete destruction of the «nn 
spinal cord. 

INUCTTOOS Diseases— A large number of splrul coni lofo" "j 
been grouped under the term "myelitis." Inflammation i of I [ “LfL 
substance is probably never primary. Infection may reach the 
the vascular supply and not infrequently follows the exanthema 
and septicemic diseases. ^ 

Acute cases produce the maximum damage in a few days, 
require weeks. If death does not result, gradual Improvement 
occur. Decubitus lesions are serious complications In these cases. 
spasUdty develops, there Is rarely any recession, and the P aI ?P i '*£ 
state which has been described results. Localized muscle atropny □ 
to involvement of the anterior gray matter never improves. 


flaccid paraplegia 

In direct contrast to the spastic paraplegic state is a 
the lower extremities, which is completely flnedd. As wns 
vioasly, such a flaccid paraplegia presents the symptoms of * 
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neuron is unin jured, the trophic nerve supply to the muscles Is intact 
and the Intelligent employment of massage and active and passive 
movements will accomplish more with lar less danger of harmful 
results. 

On the contrary, in the flaccid paraplegias, electrotherapy may be 
used to great advantage. Electrotherapy is indicated to prevent the 
atrophy of muscles and fibrosis, to increase nutrition, and to conserve 
the functional capacity of paralyzed muscles until sufficient return of 
function has taken place to permit of active motion. 

Since the days of Ducbenne, neurologists have agreed that elec- 
trotherapy is of service in hastening the return of function in muscles 
paralyzed as the result of lesions of the lower motor neuron. Although 
some physiologists have felt that it was useless, others have shown by 
experimental studies that there is a sound basis for the belief that 
electrotherapy Is of distinct benefit. Recently it has been shown, par- 
ticularly In peripheral nerve lesions, that a more advanced type of 
regeneration of the nerve occurs when the d enervated extremity is 
treated by electrotherapy. 

It is necessary to understand dearly the method of action of treat- 
ment by electridty. Stimulation by an dectric current of suffident 
strength produces a contraction of the musde. It is this active con- 
traction which conserves the volume and nutrition and keeps the 
musde fibers in a functional state adequate for voluntary movement 
when regeneration occurs. The only requirement of electrotherapy is 
that it produces a contraction of the paralyzed musde. This cannot be 
produced by the faradic current because the duration of each stimulus 
is too short in relation to the changed chronaxia of the nerve and 
muscle. Galvanic current must be used, therefore. It may be used in 
its simplest form of a continuous current, with a make and break key, 
or in the form of sinusoidal currents of various wave types. 

It has been said that a continuous current which produces a sharp 
contraction at the make or break is of little value because it does not 


resemble the normal contraction of a musde. On the other hand, it 
is said that the sinusoidal current produces a slow contraction which 
is more nearly normal. Physiologic experiments have never shown that 
muides contract slowly in their normal state. It may be accepted that 
the musde contractions which result from the interrupted galvanic cur- 
rent stimulation are as useful as any other type of galvanic current 
The rapidity of the musde contractions can produce no harm after 
the second week following injury or surgical procedures. During 
the first two weeks the muscles should be kept at rest After this 
period, sudden contractions are as useful as slow ones. The force of 
the contraction may be modified by the strength of the current Intcr- 
tupted galvanic current is often painful, and therefore otbe^ tvocs 
of warn are useful In children or sensitive patients. Since the musde 
contraction occurs only upon making and breaking the current? pro- 

fa T ec T ary u ^ current should be applied £ith 

»hort mate and Immadmla brtakj by th. mt of a suitabledtctrodt 
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Active and Passive Movements. — -Here, again, spasticity may in- 
terfere seriously with attempts to use active and passive movements in 
the treatment ol a spastic paraplegia. Often when the patient attempts 
to perform an active movement, the spasticity of the extremity becomes 
so marked that the Umb becomes rigid, stiff, and immovable. This b 
particularly true if the patient is not relaxed completely or if be feefa 
that the movement must be performed upon command. Consequently, 
active movements In spastic patients must be begun slowly and very 
gradually, and unusual patience on the part of the patient and the 
nurse Is imperative. 

This Is not true of flaccid paralysis. Active movements must be 
attempted and may be pushed as rapidly as the patient’s progress per- 
mits. It is wise to aid the patient if necessary, so that the compete 
range of the particular movement is performed. Movements which 
occur reflexly in spastic paralysis must be differentiated from true 
voluntary movements and must not be interpreted as evidence of re- 
turn of motion. 

Passive movements may be employed to greater advantage than 
active movements In spastic extremities. They must be used carefully 
and gently, however, so that large defensive reflex movements may 
not be exdted. As Langley 1 has pointed out, intermittent passhe or 
active stretching forces lymph, and so presumably metabolic products, 
from the muscles. Moreover, such active or passive; movements hare a 
distinct influence upon the formation of connective tissue, the forau' 
tion beginning rather quickly In lower motor neuron lesions. Pad o 
the late contractures in flaccid paralysis may be due to the shrinkage 
of this newly formed tissue which is soft and extensible. Activeor 
passive movements will stretch the developing connective tissue fiber* 
so that, when they do shrink, there may be less tendency to a con 
tracture. , 

Passive movements may be carried out very well in conjunction ’ i# 
massage. They help to stretch contractures which have . 

curved and to prevent those which Invariably occur in an inawn 
or d enervated muscle. They also increase the range of motion B » 
already stiffened joint and help to keep a mobile joint active so ton, 
when the time comes, it is ready to perform its part as an effect!" 
mechanism. Finally, such movements help to re-educate the musd* « 
performing normal movements. Each separate passive exercise 
be individuallied and the patient should be required to make u* 
attempt to perform the movement simultaneously or to attempt to 
the part in the position imposed upon It 


Electrotherapy—’ The use of electrotherapy Id spast^ 
patlMU accomplishes very little as compared to the resells trUcb mV 
be obtained in the flaedd paralysis. As a matter oi fact, the heights™ 
reflex activities of the spastic extremities may oSer strong 
Indications to Its use. In upper motor neuron lesions, muscle 
does not occur except as the result oi nonuse. Since the lower tw* M 
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Fin. 8, — Thome* type of caliper ipfLet, which may be rmxfified u dodird for a paralyik 
of tbe lower rrtrrnttt> . 


Contractions of muscles produced by electric current are a valuable 
aid to re-education and active motion. Although the patient may not 
be able to produce dorslflexion voluntarily, the ankle may be held in 
that position after electrical stimulation has produced dorslflexion. 
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nr*. pf 8 * ^ ew months following the paralysis, the muscles 

thu. stable. Unipolar stimulation will produce contractfoos n 

tudinnl .tul *7°?/ ^ tte weakest currents, because of kmgi* 

■S n? Uon ', Comt, r ia '>ly, fatigue in these muscles roust he 
5n “e "“y be defective and the patient is tmaWe 
r^L ^ mu,d « ate fatigued. 

stimulation muscles become less irritable and urupokr 

alone mav rnnh^I!? 3 3 f pn5ad of current to unparalyzed muscles which 
trodes ^ of Patient Therefore, bipolar etec- 

alwavs take nio U3 f^ 5* ^ ata £ e - Although polar Inversion does not 
number of ^Generated muscles, ft occurs in such a 

electee. It (, alsX^T^T'' ^ ^ “ ““ "** 

used to^DKvrrft th? to&Ioro of the paralyzed muscles, care must be 
log muscles Tilts ! g P avf ty from acting against the cootract- 
lofnts and mnv : n ^.° C Gr , rna y bide movements of segments about the 
Zv n™ JZSuJ?? ettX the on » ° f fatigue. The extensors of the foot 
S totTth?™« °l’ TOlrat «* Ortremity In a position oi loot- 
*%£*£ ^ fcl't-.J at theouter surface, 
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F*x io — A ilxnpVs typ* oi wilker, m*ie of ordliury pj pipe «uxi Urfe faQ-boutof 
CMten, very meful In the fixtt witting ittempU of a paimplejk patkot. 


60 that it may prove more desirable to use light crinoline posterior 
nwlded splints which may be removed easily for massage and passive 
movements. There Is no reason for using heavy plaster-of-Paris boots 
which are out of all proportion to the effect desired. Adhesive tape 
straps from the sole of the foot to the dorsum of the leg may also be 
effective. 


When the patient becomes ambulatory, the most satisfactory splint 
Jo prevent footdrop is one patterned after that shown in Figure 7. 
This is a simple device and can be attached to the shoe easily. As Is 
usuahy the case, the remainder of the extremity also requires support 
A modification of the Thomas caliper splint may be employed (Fig. 8). 
A spring lock at the knee joint enables the patient to flex the knee 
when he sits. When he Is standing or walking, this lock doses and the 
♦ te Pt in extension. The additional footdrop splint may be nt- 
^ Blmply t0 ^ type of apparatus. Figure 9 illustrates an- 
(HGer variety of splint which may be used when the residual paralysis 
affects tbe lower leg predominantly. ^ ^ 


Exercise and Muscle Re-education. — Very often the namnWo 
pattat is tafad upon by his physician Kith the same air ofho^fefj- 
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Care must be exercised In treating areas of skin in which 
has been destroyed. Bums are produced easily, and when 
once occurs, healing Is difficult. . . _ nlrac t 

When the nerves and muscles have recovered sufficiently y* 

to faradic stimuli, both galvanic and faradlc stimulation are a . e 
the purpose of the latter being to produce more prolonged or 
contractions. 

Splints. — We have found splints of little or no use hi the^n^tm^ 
of spastic paralysis of the lower extremities, once it Is . devC j?2oping 
form! ties and contractures may In part be prevented from 
by massage and passive movements of the joints. When the 
Is confined to bed, the extremities should be kept In extension^ ^ ^ 
abduction by the use of sandbags and pillows. The feet may ^ 
held up in a functional position, in order to overcome a forward 
of the feet, by a foot board which can be moved up and do 
frame of the bed to accommodate to the position of the patient ^ 
On the contrary, much can be done by the intelligent use oisp? 

In cases of flaccid paraplegia. While the patient is In bed, low 
may be avoided by the use of sandbags against the soles “vjj. 
tlent’s feet and a cradle over the legs to keep the weight of tM 
clothes off the feet. These require careful and constant adjustmeu 


Spastic and Flaccid Paraplegia t v 2 n£ n] 37 



Fia. it. — A wmlktn* frmnw combtond wflh mirron h a mefol «*rat In re-ednatfn* a 
patient to walk. 


floor of tins aisle consists of a board upon which are painted square 
spaces which are numbered. These vary in size. The patient attempts 
to place his feet within these spaces, and as his shill develops, the wider 
spaces are utilized. The results of this method may be increased by 
having the patient observe the movements of his legs In a mirror 
(Figs, ii, 12). 

NYe have also found that the movements of the lower extremities may 
be more easily performed in slfghtly warm water. This Is true of the 
cases of spastic as well as flacdd paralysis. A Hubbard tank. (Fig. 
13) is an excellent means of carrying out these underwater movements. 
Since the tank may be installed in the basement of the patient's home 
and is relatively inexpensive, it is extremely valuable. 

These few examples of methods of re-education of the muscles of 
the lower extremities may be multiplied many times. In more ad- 
vanced cases, a stationary bicycle may be used or a rowing machine 
may be employed to advantage. Just as in the re-education of the 
upper extremities, productive educative exercises for the lower extremi- 
ties Intrigue the patient and secure his whole-hearted co-operation. 

Frankjx Exehcises. — Though not strictly a spinal cord disease 
tabes dorsalis produces ataxia In the lower extremities which may be 
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grmdutcd active cinvJbc. 

ness as Is the hemiplegic one. Many times massage, active 
movements, electrotherapy, and splinting are carried out u 

tively until the patient Is ambulatory, and then his further treatmem 
neglected. •_, 

It Is necessary to teach the recovering patient to use his recovers 
muscles to his best advantage. He must be taught to walk agate- " 
one may feel that this will be accomplished gradually in spite oi ' 
may be done, our cases have progressed more rapidly as the res 
directed muscle exercises and re-education. ^ 

One of the simplest devices to teach the patient to use hts extn^ 
ties may be made of small Iron pipes and Is similar to a bab/a wxa- 
The patient stands within this frame, which Is on rollers, and resa nn 
weight upon his arms, grasping the sides with his bands (Fig. ■ 
Another excellent method of re-education In walking is to 
patient walk In an aisle bounded by iron pipes, which may be 
easily, and upon which he may rest his weight as he progresses. i 
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4. In the s tandin g position the patient should place one foot In front 
of the other. With his hands n cross the chest, he should Sei his knees 
and then slowly raise himself. 

5. The second exercise may be repeated and extended so that the 
patient places one foot behind the other. This requires and educates 
the sense of balance. 

6. With the feet together, the patient should stand alone with his 
hands on his hips. 

7. With the feet separated in a normal position of standing and 
without a cane, the patient should perform various acts with the hands 
and arms. 

These exercises may be lengthened and enlarged as the patient de- 
velops his coordination and, of course, are as valuable in cases of 
flaccid paraplegia of spinal cord origin as they are for patients with 
tabes dorsalis. 

Surgery. — Marked deforming contractures may follow neglected 
cases of spinal cord involvement. Attention has been called to the 
flexor and adductor contractures in spastic paraplegia. Division of 
tendons, peripheral nerve section, such as severance of the obturator 
nerves in adductor spasm, and extensive posterior spinal root sections 
must be considered as a part of the treatment of these cases. Often a 
bedridden patient may be made ambulatory by posterior root section. 
After such a procedure the patient must be trained thoroughly and 
persistently by re-educational exercises and other physical therapeutic 
methods. 

Modification of Treatment Because of Sensory Disturbances. — 
The loss of sensation Is variable as a result of spinal cord lesions. 
Cauda equina involvement is characterized commonly by sensory loss 
about the buttocks. This has given rise to the term “saddle anesthesia.” 

Because of the sensory disturbances present, extreme care must be 
taken to avoid decubitus lesions of the skin of the back and buttocks. 
The skin must be kept scrupulously clean and dry. Alcohol rubs and 
the application of cocoa butter should be used freely. If possible, the 
patient should be turned on the side and propped there by pillows, 
so that strain on the paravertebral muscles Is avoided. This distributes 
the pressure of the body over various areas of skin and allows the back 
to be treated efficiently. 

. Harth, stiff linen sheets which burn the skin must be avoided. The 
linen must be changed Immediately If It becomes soiled from on In- 
continence of urine or feces. 

Decubitus lesions may be treated with excellent results by a few 
simple procedures at the patient’s bedside. Care should be taken to 
ddbrlde the ulcers of all necrotic tissue. Undermining, sloughing 
Pockets of dead tissue should be searched for and removed. After such 
debridement, the wound may be gently cleansed with plain soap and 
water and irrigated with normal saline solution. It should then be dried 
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treated very successfully by a system of re -educative . ^ 

described. There Is a considerable amount of literature con 
results of treatment of tabes dorsalis by Friinkel e-xerose*. 

FrSnkel • has described tiro classes of exercises those 
ridden and those for ambulatory patients. In bed, the pstlen 
to flex, abduct, adduct, and extend each leg separately *no 
simultaneously. The knees and hips are also e^rrisemi . 

should place the heel of one foot on the knee of the 0PP 051 riek&i 
then pass It slowly down the tibia toward the may be 

should be carried out with the eyes opened and closed. 1™* 
repeated twice daily for as long a time as the patient s conaJ J 

For ambulatory patients, Friinkel has described the following vri- 
uable series of exercises: 

1. The patient is placed with his back to a chair and ^f 0 '. (0 

heels together, Is asked to lower himself slowly into the cnair^ ^ 
rise in the same manner. Crutches or canes should cot ^ 

may, however, be necessary at first to provide the patient wi 
support of an attendant. Wkinx 

2. One kg may be placed at the distance of an ordinary ,, 
step in front of the other and then returned accurately to tce^s 1 *^ 
position. The patient may support himself during this exercoc, 
necessary, with a cane. 

3. The patient is asked to walk several steps slowly and witn f* 


dsion. 
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A limmectomy was performed and the compression doe to the bony 
fragments was removed. For the list two yean the patient has received 
massage, active and passive movements, electrotherapy, and re-educative 
exercises- He is nor able to walk with the aid of crutches. His ability to stand 
with the support of his crutch, at the end of the two-year period, ts shown 
in Figure 13. Persistent daily re-educative exercises at home played a very 
important part in this man's rehabilitation, and he was seen at frequent 
intervals alter his discharge from the hospital, in order that new exercises 
might be provided as his condition improved. 

H. S., a 48-year-old housewife, was injured in an automobile accident and 
suffered, among other Injuries, a fracture-dislocation of the fifth cervical 
vertebra. She Immediately showed signs of a physiologic lesion of the 'spinal 
cord, with only a alight amount of motion in the arms and hands. The legs 
were completely paralyzed. For four months she had no treatment of any 
kind, and no attempt was made to reduce the fracture while it was still fresh. 
The improvement In her condition during that period was essentially nil. 
When she was first seen in this clinic, it was discovered that she not only 
had an incomplete lesion of the cord but also a complete subarachnoidal block. 
The dislocation had existed for too long a time to make reduction possible; 
therefore, a laminectomy was performed. Immediately her symptoms began 
to disappear. She was started upon a course of systematic physical therapy 
Including beat, massage, active and passive exercises. Her recovery was so 
rapid that abe was discharged from the hospital fourteen days after the opera- 
tion, and in three weeks from the date of discharge she walked Into the office 
for a check-up visit. Physical therapy has been used continuously until the 
present, with special emphasis on re-educative active, purposeful movements. 
N'ow, less than one year after operation, she walks alone without a cane or 
other support of any kind, and she can use both hands accurately and 
normally except for a few fine movements. 
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with a simple heat lamp and left exposed as long as possible to the 
open air. Only aseptic surgical technic should be used in the treatmen 
of such ulcers, and daily care Is imperative. Frequent exposure 
ultraviolet light has been of great aid in the rapid healing of sues 
lesions in our patients. 

In many spinal cord disturbances, perforating ulcers of the large toe 
and heel occur. These, too, must be kept dean and free f ro ® 
tion. They are usually painless and begin as a callus or corn. 
tion follows, and, If untreated, the bone may become dennded. iny 
heat and ultraviolet light exposures aid materially in keeping tnese 
lesions dry and dean. 


Report of Cases. — The results which may be obtained by fbe P** 
slstent use of these therapeutic measures in spinal cord injuries may 
be Dlustated by a brief recital of the following cases: 

C. D. (Fig. M), aged 46, received a fractore-dfrloCTHon 
Ivimtar vertebra In an automobile aeddent Id 1020 . There teas M 
Oacdd partlyrfa of both lower ettremltta. There war tococlinerw 
f* 6 ^!***?^ ™ 1o » ° f •™*®IIon over the area tupplM W 
lumbar and ah tie «cra] tegmenta of the enrd. SIi weelt eftpsed «ft« 63 
injury before he w*j brought for surgical treatment. 
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PHYSICAL THERAPY IN BACK INJURIES 
Harry E. Mock, M.D. 


General Back Injuries 

Backache Is one of the oldest complaints of the human race. Failure 
of our profession to solve more thoroughly the cause or causes of this 
condition and to relieve adequately the sufferers from back pain has 
made this one of the most fertile fields in the category of human ail- 
ments for exploitation by the many unqualified to treat the condition. 
It is not the purpose of this chapter to offer physical therapy as a 
"cure-all” for these back conditions. 

For the physician who is seeing the occasional back condition, or 
who is unfamiliar with the rather intricate methods of dfagnosing or 
differentiating between the various back lesions, physical therapy may 
come as a new and easy experiment to be tried out on such cases. 
Undoubtedly a certain per cent of his patients will be benefited, but 
a large per cent will be unrelieved and disgruntled not only with the 
physician but with the method. 

For the physician who is prone to diagnose low back pain as a 
"sacro-iliac disease,” or a painful back following injury, with negative 
x-ray findings, as a "back strain,” or a "slipping vertebra” or “slipping 
sacro-Diac,” and who has developed the habit of treating all these con- 
ditions by the rather simple method of applying a back brace or a 
special belt, physical therapy may be frowned upon as a time-wasting, 
needless procedure. True, rather a high percentage of his cases may 
be relieved of their back pain, but in a large number such a procedure 
gives too prolonged a disability and leaves many a working man more 
w less permanently disabled, due to the stiffening of the back musdes, 
ligaments cmd aponeuroses- 

For the surgeon who is thoroughly versed In the diagnosis and treat- 
ment of back lesions, who has tried out all the old methods of traction, 
caits, sacro-iliac belts and back braces, and who has seen the high 
Percentage of failure to relieve many persistent low back pains , or to 
Prevent permanent disability in many compression fractures, there has 
bec ? a growing tendency to resort to operative procedure, vtx., bone 
P«t*, or other bone-bridging methods. Such a one, if he has become 
""^dded to operative procedures, may fail to give the time and energy 
Si!, 0 ' arr >' out a thorough course of physics] therapy before 
subjecting his patient to surgery- 
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From tbe advertisements In lay journals and from some of the 
therapeutic claims made by the manufacturers of certain physical 
therapy apparatus, it is evident that the pretensions of this form of 
therapy equal or surpass tbe fraudulent claims made for drug therapy 
In the palmy days of patent medicines. 

It may be asserted that the medical profession has no priority rights 
to massage, electrotherapy, mechanotherapy, or other physical therapy 
measures, but when it comes to dealing in human health and human 
life, no lay institution and no individual, be he physician or otherwise, 
has a moral right to practice this or any other form of therapy without 
a thorough knowledge of diagnosis and an adequate understanding of 
the given therapy. 

Review of the medical literature of the last two decades reveals the 
vast am ount of thought and effort that has been given to this question 
of disabling back conditions. Many theoretical explanations have been 
advanced by various authors to explain the causes of disabling back 
conditions, especially the low back pain. These theories have been 
adopted as positive facts by the profession. Thus we have run the 
gauntlet of “sacro-iliac slipping,” “sacro-Uiac sprains,” or “sacro-iliac 
disease or displacements.” Then came the diagnosis of “lumbosacral 
sprain” and its differential diagnosis from “sacro-iliac sprain.” More 
recently the weight of opinion has swung from this mechanical or 
anatomic explanation for these conditions to a systemic or toxic basis, 
and thus the theory has been advanced that the true cause for many of 
these low hack pains is a “myofasdtls.” Still more recently we find 
great weight being given to faulty posture and to the abnormal ana- 
tomic construction of the spine. During the last two years almost every 
report of a roentgenogram of the back refers to tbe relationship of 
the fifth lumbar vertebra and the sacrum, and a faulty angle at this 
joint Is frequently assumed to be the cause of the trouble. 

Many of these diagnostic titles are still recognized by the profession 
as real conditions, while others have been discarded or are not recog- 
nized as of real importance. 

SchaufDer 1 sums up the situation as follows: 

Cartful attention to the history and to the mode of onset and course of tbe 
back pain will help to dedde whether one is dealing with a iprain or a 
raecbanicnl strain. For yean sacTo-fiac displacements or sprains have been 
overplayed. Then the honors were divided between lumbosacral and iaoo- 
hiac sprains or they were simply said to be a low back sprain. Now the pen- 
dulom has swung far to the opposite side and many articles in recent Iitera- 
ttrre claim that all these back pains are toxic. Myofascitis is the popular 

As always, the truth lies between the extreme views. There are lesions 
Purely mechanical and any associated Inflammation Is of a traumatic type 
Dot at all of a bacterial type. There are many others which arc purdy 
mi 
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therefrom, and consequently injuries of the spine axe liable to be complicated 
by involvement either of the spinal cord itself or of the emerging nerve root*. 
Furthermore, It Is probably owing to the presence of the spinal cord that 
Injuries of the spine are particularly liable to be followed by functional 
disorder. 

MuscuLATtJHz. — The apparently complicated arrangement of the muscles 
of tbl* region may be partly simplified by dividing them into separate layers. 
Of these, the first two appertain to the upper extremity, including the 
shoulder girdle, and the fourth and fifth layers are more truly spinal. 

First Layer: Trapezius, latisslraus dorsl 
Second Layer: Levator anguli scapulae, rhomboids 

Third Layer: Serratus posticus superior and Inferior, splenias colli, and 
capitis 

Fourth Layer: Sacral and Lumbar Regions — Erector splnae 
Tboradc Region: Hiocostalls, accessorius, longissimus dorai, spinalis does! 
Cervical Region: Cervi calls ascendens, transvemlls cervids, trachdoma*- 
toid, corrtpiexus, biventer cervids, spinalis colli 

Fifth Layer: Semfaplnalls dorai, semisplnalls colli, multifid us splnae, ro- 
ta tores splnae, interspinales, extensor coccygts, tntertransversales, rectus capi- 
tis posticus major and minor, superior and inferior oblique 


At first sight such a bald redtal of the different muscles as given in text- 
books of anatomy Is confusing and even irritating. Let us, therefore, en- 
deavor to simplify the problem as follows: 


Fourth Layer: The "erector spinae” has a strong tendinous origin from 
the Hlac crest, the sacrum, and the lumbar spines, and divides Into three 
muscular masses. 

The outer — the sacrolumbal is, with its prolongations, musculus accessorius, 
and cervicalis ascendens — Is attached to the angles of the rfbe. 

Tbe middle — the longtaslmus doni, with its prolongations, transversal Is, 
coOl and traebdomastoid — is attached to the transverse processes of the 
vertebrae. 

The inner — the spinalis dorsl, with its prolongations — b attached to tbe 
spinous processes of the vertebrae. 

Fifth Layer: Tbe greater part of the mujdes constituting thb layer forms 
a mass which fills the space between the transverse and spinous processes of 
the vertebrae, and the general direction of the fibers Is oblique. Tbe Inter- 
bans venaJes pass between the transverse processes of adjacent vertebrae and 
tbe Intenplnales, between tbe spinous processes. Tbe semfeplnalls dorsl and 
colli, the multi fid us splnae, and tbe rota tores spinae pass obUqudy bet we e n 
jbe transverse processes and tbe vertebral spines. The more superficial 
jiT* 3 p3M ovcr ,even d vertebrae, while the deeper bundles pass between 
■djacent vertebrae. 


fr. £2?^ i V? NEU *° 1IS --' ai “y cales of P^^Rcd disability are caused by 
° f tUs aponeurosis, or, rather, by Injudicious treatment of such 
'“Junes by prolonged rest until adhesions and scar tissue have formed In 
about this structure or Its extensions. 5n 



4 [sari* 


Physical Therapy in Back Injuria 

toxic; a myofascitis or arthritis is similar to muscular or joint rheu m a ti s m h 
the limbs or to a toxic neuritis. In the back there is ibo a large grocp of a 
mixed type. Fosture was a predisposing cause, or Injury an exdtmg came, 
but the toxic clement Is responsible for the continuance of the trouble. 


It Is evident therefore that before an adequate line of treatment can 
be developed for injuries of the back, a dear understanding must be 
had of the diagnosis and differential diagnosis of not only the tranma 
but all associated conditions which might Influence the back disability. 


Anatomy of Back- — The anatomy of tbe back must be thoroughly 
understood if one is intelligently to treat injuries of the back- A 
of the regional anatomy once or twice a year is not too much to ask of 
the surgeon caring for back conditions. I am opposed to one’s becoming 
simply a ,f back specialist.” There 13 too great a tendency to Interpret 
all general and local conditions in terms of back disease or injury. 
One must be a good general surgeon if he is to meet the many sarp- 
cnl problems presented by back injuries. Again, there are 
associated Injuries in distant parts of the body, in the skull, the * 
tremities, the abdomen (as a ruptured liver or kidney or b i 
requiring general surgical knowledge which cannot be met oy 
genuine “back spedalist” 


Spine. — The surgical anatomy of the spine has been 
many excellent anatomists and clinicians. Rather than repea , 
ent features of these artldes the following quotation Is taxen 
Fisher’s book on Manipulative Surgery 

A brief reference to some spedil points in the surgical *m*h* ° y 
spine, and to the normal range of movement possible hi the cun 
thereof, is an indispensable preliminary to any discussion of tne^ t-rhnic 
therein which are amenable to manipulation and of the manipcia ■ g ^ 
Involved. For the general anatomy of this complicated region^ — —i T five 
referred to thfe textbooks of anatomy. As, however, the latter but frgxm t 
any reliable Information upon the movements of the spine, * 011 , T/— ett. 
will be given, in which we shall follow the admirable observations ^ 

The spine la an elastic column, the strength of which depends on 
that It consists of a number of vertebrae, the degree of movan™ 
Individual bones being alight, but the sum of movement is cnnsKioa^*^ 
arrangement of the spine In a series of curves also gives far -fftkiit 

to the spine, for a vertical force Is decomposed by the curves. 
mechanical point in the spine is where the comparatively rigid 001*^ ^ 
meets the more mobile lumbar portion. , . b 

The prolonged nature of tbe disablement following many >!*»»; \ thfcj 
not difficult to understand If we bear In mind tbe extreme “^““Lnected 
region, and the multiplicity of the Joints, Ugnments, and musdn 
therewith. The important fact must never be overlooked that the****^ 
traverses the neural canal of the vertebrae and that important nerves e^* 


un 
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physiologic curve can be increased slightly, the greater part of the apparent 
movement occurring at the ocripito-atlantal joint 

Lateral Flexion . — -As we have seen, this movement Is always combined 
with a certain amount of rotation, but the lateral flexion factor fa most 
marked in the lumbar zone. It fa interesting and Important to note that when 
the mine b fined, lateral flexion occurs at a higher level in this region, and 
at a lower level when the spine fa hypereit ended. 

Rotation . — In striking contrast to the lateral flexion element, the rotatory 
dement fa almost negligible In the lumbar region, but fa moat marked in the 
dorsal and cervical region. It fa not difficult to understand why this should 
be so if the reader will glance at the shape of the articular processes in the 
different zones. Here, again, when the spine fa fixed, rotation occurs at a 
higher level than In the erect position, but when the spine fa hypereit ended, 
at a krwer level. Thus, by altering the degree of flexion or extension of the 
spine, the effect of rotation and Lateral flexion can be brought to bear on 
successive spinal regions. 



Fro. i. — Coozrntttl tbaesae of upper left tnmvcne proem of Ktcram. Wak t»ck for 
yr*n. Rtcmlly tafertd »hjht Injury, with narked inert** in back p*ln. 


Pathologic Conditions. — The following classification Is one adopted 
by the author for the purpose of depicting the pathologic possibilities 
in the spine Itself as well os those pathologic conditions which are ex- 
traneous to the spine but which may cause referred pain In the back: 

I. Congenital Defects 

A. Absence of a vertebra or portions of one or more vertebrae 
(Fig. i) 

i. Spina bifida occulta 
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Ligaments, — These are exceedingly numerous, and for their detailed de- 
scription a textbook of anatomy should be studied. It will be mffldmt merely 
to mention that not only ore there ligaments which stretch between the rtr- 
tebral bodies (anterior and posterior common ligaments and intmrrtebnl 
discs), but also lignments which connect the articular processes, laminae, 
spinous, and transverse processes. Further, there are ligaments connecting 
the heads of the ribs with the bodies of the vertebrae, and others con nect inf 
the necks and tubercles of the ribs with the transverse proce ss es- In the upper 
cervical and lumbosacral region there are other Important ligament s having 
special functions. 


Spinal Suhcical Landmarks. — A few of the most Important and osentfal 
of these are given. Five minutes spent In committing them to memay will 
be amply repaid. 

Root of Spine of Scapula: Interval between third and fourth dorsal ipbo 
Inferior Angie of Scapula: Interval between seventh and eighth dornl 
spines 

Highest Point of Iliac Crest (Interfllac Flane): Fourth lumbar spioe 
Posterior Superior Iliac Spine: Second sacral spine 
Spinal Cord Ends: First lumbar spine (transpjdoric plane) 

Spinal Theca Ends: Third sacral spine 


Movements or the Spine. — The actual movements In the spine J*** 
are really less than might at first sight be assumed on observing 
flexion, for a considerable amount of the apparent movement is pelvK 
takes place at the hip Joints and some of the movement occurs between 
lkull and the spine. , 

If we are desirous of ascertaining the actual movements of the spine ’ 
some means must be taken of fixing the pelvis, and correction most bemaoc 
for movement at the ocdpito-atlantal joint. Similarly, If exerdses and 
manipulations are performed which are Intended to act upon the spine 
the pelvis should be fixed. 

The actual movements may be divided Into flexion, extension, andacom- 
plkated movement— lateral flexion rotation. There is no soch moynnem 
a pure lateral flexion, for a certain amount of rotation Inevitably , 
panles this. Similarly, rotation is always accompanied by a certain imduw 
of lateral flexion. It is Important to remember, however, that there n * _____ 
turn in the degree of the rotatory and the lateral flexion elements, 
tively, in the various regions of the spine. The nature of the movemenu 
largely influenced by the shape and the direction of articular surfaces. 

FUxion (Bending Forward) .—This movement is moat marked 
lumbar region, and is possible until the normal forward convexity 13 
tMy (JHterated. The movement is more marked, tberefexe, in the l*** 
part of the lumbar region. In the cervical region flexion can occur untuu* 
physiologic curve Is obliterated. Moat of thTapparent movement of fie*® 
"^1^77 ^ ^ «dpltcxtlantal joint Sthe dorsal rtrfcn fojgj 
movem«t Is very slight, but the normal convexity backward is W* 1 ! 
Increased. 

EXtndcn (Batin, Bacbcmf).- Tbb mevrarat Is most Inf 10 “g 

lombar and the two lower dorsal vertebrae. Very little movement to 
direction occurs in the remainder of the dorsal region, and to the ne<* tw 



Pathologic Conditions 


v*5n»» nJ 9 


IL Postural and Acquired Defects 

A. Kyphosis 

B. Scoliosis 

C. Lordosis 

D. Spondylolisthesis 

E. Dorsal round back 

F. Posterior displacement 

G. “If the spinal column is not deviated laterally and its nor- 
mal lordotic and kyphotic anteroposterior curves are not 
exaggerated; if the spinal curves which are associated with 
the habitual posture of the individual are not so extreme 
as to threaten or produce joint and musde strain or disturb- 
ance of the visceral relations; if the posture Is such that 
there still remains a ‘margin of safety’ which allows more 
mobility in all directions, the spinal curves and the weight- 
bearing lines of the lower extremities may be said to fall 
within normal limits for the individual under considera- 
tion.” a 

HI. Diseases of the Back 

A. In the spinal column proper 

1. Os teo -arthritis 

(a} Usually hypertrophic 

(b) Ankylosing arthritis (Strihnpell-Marie disease) 

(c) May be destructive type 

(d) Of unknown infectious origin 

(e) Neisserian 

(f) Toxic, traumatic 

2. Synovitis (lateral articulation) 

3. Osteomalacia - 

4- KUmmelTs disease 

5. Vertebral epiphysitis 

6. Herniation of intervertebral disc 

7. Abscess of disc 

8. Spondylitis 

(a) Tuberculosis 

(b) Osteomyelitis 

(c) Syphilis 

(d) Typhoid spine 

(e) Sporotrichosis, etc. 

9- Tumors 

(a) Usually metastatic carcinoma 

(b) Sarcoma 

(c) Giant-celled tumors 

(d) Hypernephroma 

(e) Hemangioma of vertebral bodies 



Physical Therapy in Back Injuries 


8 rci(iipt*r 18 
n 

2 . Hemlvertcbme 
3. Klippd-Fcil syndrome (absence of two or more cervical 
vertebrae) 

B. Extra vertebrae 

1. Eighth cervical 

2. Sixth lumbar 

3. Fourth lumbar 

C. Faulty angulation of fifth lumbar on sacrum — s congenital 
spondylolisthesis 



Fm. 2. — Sacr -.H yd 5th hnnhar vertebra on left wde. 

D. Sacrolired fifth lumbar (Fig. 2) . 

E. Elongnted fifth transverse process definitely impinging up 00 
or articulating with the sacrum or ilium 

F. Cervical ribs 

G. Malpositions of thr coccyx 

H. Separate neural arch , 

I. The slender individual with almost a straight spinal colum , 
the long-waisted type, seen most frequently in tbe neurout 
or in subjects prone to develop functional disorders 
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3. Contusion of the cord 

4. Hemorrhage into the cord 

5. Tearing of the nerve roots 

(a) Brachial plexus evulsion 

(b) Cauda equina lesions 

C. Surrounding the spinal column — Soft tissue injuries 
1. Strains — traumatic lumbago or myofascitis 
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B. Within the spinal canal 

1. Spinal meningitis 

2. Spinal syphilis 

3. Tabes dorsalis 

4. Syringomyelia 

5. Multiple sclerosis 

6. Cord tumors 

7. Poliomyelitis and myelitis 

8. Cord changes due to pernicious anemia 

9. Extradural abscess 

10. Myeloma 

11. Vertebral artery aneurysm 

C. Surrounding the spinal column . 

1. Muscular rheumatism, myositis, myofascitis (lumbago; 
3. Psoas abscess or mediastinal abscess 

3. Bolls, carbuncles, or abscesses with scar tissue fonniucn 
4- Osteomyelitis or tuberculosis of sacro-IBac joint 

5. Tumors of soft tissues of back 

(a) Lipomas 

(b) Pilonidal cysts 

(c) Malignant tumors 

6. Progressive muscular atrophy 

7. Neuritis 

(a) Herpes roster 

8. Bursitis 

IV . Injuries of the Back 

A. In the spinal column proper 

1. Fractures of body or lamina * 

2. Dislocations 

3. Fracture-dislocations (Figs. 3a, 3b) 

4- Fracture of spinous or transverse process 

5. Dislocation at vertebral costal joint 

6. Inpfngement of eleventh and twelfth ribs 

7. Impingement of spinous process 

8. Sprains 

(a) Sprain-fracture at tip of transverse process 

(b) Associated with partial displacements or rotations 

(c) Tearing off of osteo-arthritic spur 

9. Partial displacements 

(a) The atlas upon the gris 

(b) Lumbosacral 

B. Within the spinal canal 

1 ‘ Compression of the cord 
2. Laceration of the cord 
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D. Sacro-Hiac 

(a) Strains 

(b) Sprains 

(c) Partial dislocation 

(d) Complete dislocation 

(e) Traumatic arthritis 

(f) Associated with fractures in the pelvic girdle 

E. Coccyx 

(a) Fractures 
fb) Dislocations 
(c) Contusions 

V. Possible Types of Associated Injuries with Traumatic 

Back 

A. Head 

1. Skull fracture 

2 . Cerebral injuries 

B. Chest 

1. Fractured ribs 

2 . Penetrating wound of lung 

3. Pleuritis 

4- Injuries of scapula 

C. Abdomen 

1. Rupture of mesentery 

а. Rupture of liver 

3. Rupture of spleen 

4. Rupture of kidney 

5. Rupture of stomach or intestine 

б. Contusions of one or more of these viscera 

7. Rare injuries to gallbladder or pancreas 

D. Pelvis 

1. Fracture of pelvis 

2 . Rupture of bladder 

3. Rupture of ureter 

4. Contusion of urethra 

5. Bladder and rectal disturbances 

6. Rare injuries to pelvic viscera 

E. Extremities 

1. Brachial plexus irritation, paresis, or paralysis 

2. Sciatica 

3. Pa res b or paralysis 

4. Fractures in one or more extremities 

VI. Oni eh Diseases Which May Cause Paintul oh Pathologic 

Backs 

A. Focal infections 
1. Tonsils 
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2. Sprains — tearing of ligaments 

3. Adhesions about the joints or in the lumbar apoceurab 

4. Muscle changes 

(a) Tearing of muscles 

(b) Flbrositlc deposits 

5. Peripheral nerve injuries near exit from spinal column 

6. Traumatic wryneck 

7. Contusions 

8. Hematoma 

9. Bums 

(a) Scar contractures 

10. Foreign bodies 

11. Penetrating and lacerating wounds 

12. Lumbar hernia 
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C. Tbe injury may aggravate existing disease 
I. Osteo- arthritis of spine 
i. Myofasdtis 

3, Tuberculosis of spine 

4. Aggravating a preexisting deformity 
(a) As in an old infantile paralysis 

It Is evident from tbe above outline of tbe more common pathology 
Involved in this question that tbe diagnosis and the differential diag- 
nosis of back injuries and back disease furnish some of tbe most com- 
plicated problems found in medicine. 

Diagnosis. — The gross lesions of the back following trauma, such 
as a definite compression fracture or a dislocated vertebra, are not 
difficult to diagnose provided proper attention is paid to tbe history 
of the injury and to the complaints of the patient, and suitable 
x-ray pictures are taken. Even in these conditions a thorough general 
examination is necessary to discover associated injuries or signs of 
associated disease, postural defects, or infectious conditions which 
may aggravate the Injury and be of great importance In the prognosis. 

Since Davis (Vol. II) deals with spinal cord injuries which usu- 
ally follow fractures or dislocations of vertebrae, conditions of this 
type will not be considered in this chapter. 

The less serious back traumas are far more difficult to diagnose. 
So many associated conditions, both in tbe spinal cord and in the gen- 
eral systemic examination, have a potential influence that it requires 
tbe greatest Ingenuity on the part of tbe examiner to differentiate 
between these and the alleged trauma. 

History. — The history of the case is of the greatest importance In 
diagnosing these back injuries. If the patient is brought into tbe hos- 
pital following a major acddent, for example, after a head-on colli- 
sion between two automobiles, the history develops potentialities for 
oil kinds of major and minor injuries to the Individual. Here a care- 
ful physical examination is made of the bead, neck, chest, abdomen, 
back, pelvis, and extremities, and often a catbeterized specimen of 
urine is obtained to ascertain tbe condition of tbe kidneys, bladder, 
and urethra. The x-ray is brought in as a diagnostic aid as soon as the 
condition of the patient warrants. The injury to the vertebra is dis- 
covered either as the sole injury or as assodated with a skull fracture, 
fractured ribs, a fractured pelvis, or other injuries. 

However, in those disabling back conditions which fall to show defi- 
nite x-ray pathology or which develop several days after the alleged 
injury, the history assumes greater importance. How severe was the 

njury? When was it received? Was the injury' due to a direct or an 
indirect force? Has the patient been subject to backache? Have there 
previous injuries to the back, and if so, what was their nature. 
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a, Teeth 

3. Sinus Infections 

4. Acute or chronic infections anywhere in the body 

B. Aneurysm or tumors 

1. In chest 

a. In abdomen 
3. In pelvis 

C. Abdominal conditions 
1. Gallbladder disease 

(a) Referred paiyduring gallstone colic 

(b) Constant bacm pain may be only sign of gallstooa 

а. Appendicitis — especially retrocecal appendix 

3. Ulcer of stomach 

4. Colitis, especially spastic constipation 

5. Diverticulitis, especially of sfgmold 

б . Hernia 

D. Kidney conditions 

x. Perinephritic abscess 

t. Kidney or ureteral stone 

3. Twisting of pedide of kidney — -DIetl’s crisis 

E. Retroperitoneal conditions 
1. Tumors 

a. Enlarged glands 

F. Pelvic conditions 

1. Displacements of uterus occasionally 

2. Tumors of uterus 

3. Infections of adnexa 

4- Cysts of ovary — twisted pedides 

5- Prostatic disease 
fa) Inflammatory 
(b) Tumors 

VIL Any or the Above Diseases May Exist at the Tni* A 
Given Injuby to the Back 

A. The injury may be only coinddental, neither aggravating 
nor contributing to the disease 

1. As in metastatic carcinoma of spine 
a. As in gallstones 

3. As in tumor of abdomen or of prostate 

B. The injury may be a contributing factor 
r. As in osteomyelitis of spine 

a - As in twisted pedide of ovarian cyst , . 

3. As in acute gallstone colic developing shortly after j 

4. As in acute retrodisplacement of uterus coming 0® 
mediately after injury and persisting until relieved 
manual replacement 
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into varied types of traumatic neuroses. It is sometimes extremely 
difficult to distinguish between the true organic and the functional 
condition or properly to evaluate each when there is a mixture of both 
In the same case. 

X-Ray. — T he x-ray is invaluable In the diagnosis of back injuries. 
It is too often neglected in cases resulting from rather minor accidents 
or is not resorted to until weeks or months later. The late x-ray may 
show osteo-arthritic changes or other findings, and because of the 
failure to take the earlier x-ray, one is unable to say definitely that 
this or that condition was preexistent and that it has no relationship 
to the alleged injury. 



> 
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and when? What ums the position of the patient when injured— tft- 
ting, standing, bending over, or erect? Has be had recent toothache 
or tonsillitis or have teeth been pulled or the tonsils removed recently? 
Has be been subject to colds or sinus trouble? What is the coodUkc 
of the bowels? Has appendicitis been diagnosed or an appendectomy 
performed? Has he been jaundiced? In the case of a womamhavt 
there been any pelvic complaints? In the case of a nun, Is there « 
history of urinary or prostatic trouble? Has there been any narteo 
loss or decided gain in weight recently? Has there been any loo; 
ble or pains in the calves of the legs or thighs? What is the 
nature of bis or her work? Has there been any recent changed 
sedentary to heavy occupation? What have been the past uuksjc. 
What is the family history? . , __ 

These and every other possibility which might throw D P 00 
the alleged back disability must be delved into in the history. 

Physical Findings. — The complete physical examination is of 
equal or usually greater importance. If the case Is one fro JJl 

aeddent, the examination starts with the head and Ind , , 

pan of the body that might have been injured, followed by 
routine examination as soon as the condition of the I»6c P* ' 
If the patient complains of back disability from an alleged > 
the Injured part is first examined and this is followed by a pa 
complete, general examination. Each physician should develop 
routine for this or any other examination in order not to o 

If the patient is In bed, it may be difficult to turn him 
examination of his back, but this should be done, if at an 0 ( 
care being taken to avoid undue pain of movement or tne ^ 

increasing his trauma. If the case is ambulatory, the examm« 
best started with the patient sitting on a stool. Later he 
and, finally, be should be in the prone position on the e»mtnmg 
Close but unobtrusive observation of the patient shorn 
during the taking of the history, while he is undressing, ano^ ^ 
the examination. Often data will be obtained in this way w 
be invaluable in arriving at a true diagnosis. rompro- 

In the case of a severe trauma to the spine, for example, a -m^is if 
sion fracture, one seldom encounters signs or symptom* ot n 
it has been properly treated- On the cither band, the sJgnsana ^ ^ 
toms in some of these less severe back injuries are so °r 5 J"Ln^ I1 tj 
difficult for the patient to express, or give such atypIcaJOT^^p 
that there Is too often a tendency on the part of the y 

classify the case as one of traumatic neurosis. Unquestionably Jn 
back injuries, due to failure to receive relief after many 0 f 

physicians and in the lines of treatment, or due to Inherent 
a “broken back,” or due to a desire for compensation for 
log, abetted frequently by overxealous relatives or lawyers, uo 
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x-ray, both views being taken within two to four weeks and sUH 
another being made within a few weeks thereafter, if necessary. Too 
often the compression fracture will not show on the first films but 
the compression gradually occurs due to movement or weight-bearing, 
and the later film reveals the true condition. In the case of persistent 
trouble, the second, third, or even the fourth film will be the only 
means of diagnosing the traumatic arthritis or the secondary tumor 
that, rather tha n some min or injury which was coincidental, most 
probably was the original cause of the back pain. 

The following case reports Illustrate these points concerning x-ray 
examination: 


Case i.-— D r. T., aged 5a, attended a medical meeting. When he sat down, 
the chair ilid from under him. As he fell forcibly to the floor, the back of the 
rh»ir 1 truck him in the mid-dorsal region. He was immediately in excruciat- 
ing pain and was carried to a cooch in the anteroom. As soon as the essayist, 
a noted surgeon, was through, he went to the injured doctor, examined him 
through his shirt, felt a swelling over hb mid-dorsal spine, and advised that 
be be taken to the essayist’s hospital at once for what was most probably a 
subluxation of a dorsal vertebra. The patient was moved to this hospital 
and early the next morning x-ray pictures — both views — were made of his 
spine. An hour later the surgeon and the roentgenologist came to the patient's 
room, bringing the x-rays with them, and told him that nothing was broken 
or dislocated In his spine and that he would be ah right after a few days’ 
rest No further examination was made by this surgeon. The doctor suffered 
severely and required morphine for four or five days. He had a special nurse 
who rubbed his back but otherwise no treatment was given. At the end of a 
week the patient called an excellent Internist. He examined the patient 
thoroughly and also examined the x-rays. His findings revealed almost ccan- 
plete absence of breath tones in the left chest, tenderness over the mid- 


dorsai vertebrae, a spasm of the muscles cm attempted deep breathing, and 
an extremely nervous Individual. During the second week the surgeon began 
to plague the doctor about being a “neuro" and the latter sensed this to be 
the feeling of most of the hospital staff. Therefor^ on the advice of the 
internist, he left the hospital on the fifteenth day, going to hb borne. On the 
sixteenth day, fearing that perhaps be was a “neuro," this doctor got up and 
dressed and went to his office In a taxicab. He could hardly stand the 
Jolts of thb ride and after a few hoars In hb office be collapsed. Tbe pain 
was extreme and he could hardly breathe. He was taken home and the 
Intembt was called, who again found a spasm of the back and chest muades 
«i the least effort at deep breathing. He advbed the doctor to remain in 
bed. Tbe intembt again visited the hospital and examined the old x-rayi 
wit could find no sign of injury to tbe vertebrae. The doctor remained 
m bed for a month, although after a week he could be helped to the toilet 
tnd of lh ' monlh hlmiUt “Srwd with 11* oriRiiuI jurRon 
r, ra ““ ot ""ro® 5 - Hi * opinion mu Itrmsthened by the ha 
* Uw,uit hotel where the meetbc mu 

held. hoJdinp a defective chair reepotuibie for hu injurfea. 6 

!„ ;\f". momh th ' ,n,m,fat tu^cd the author to lee this doctor .t.t 

ini that while he mu n “netjro," yet he mljht have wwne Injury tobb'bart] 
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Always x-ray the spine at the site of the alleged injury when the 
patient first presents himself. If the site of the injury is not definitely 
localized, x-ray well above and below the injured part. Ia many a aa 
it is safer to x-ray the entire spine. 

It Is still necessary to emphasize and reemphasize to the profession 
the importance of taking both an anteroposterior and a lateral viev 
oj every spine requiring an x-ray, no matter whether for an injury er 
for a suspected disease. Hardly a month goes by that I do not see one 
or more patients with a definite vertebral injury who has been in the 



Fio 4b Same c ue with lateral view made three wrrLi later ibowtn* marled 
pr*«ioa trad are of nth done! vertebra. 


hands of some other physician and who has had an x-ray examination, 
yet, when he Is x-rayed at our hospital, the lateral views show a com- 
fra 5 tur '- Asking for and examining the first x-ray H™. ** 
find that only an anteroposterior view had been made. This Wto* 
fflke the lateral view accounts for far too many failures in dtago®“ 
and far too many cases of prolonged back disability due to inadeqaaic 

treatment (Figs. 4a, 4b). 

Again, it the first x-ray picture is negative and yet the si 
symptoms of Injury persist, one should always resort to a s'**™ 
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The doctor was rather difficult to treat but gradually recovered from his 
pain and discomfort under rest, heat, massage, and a body corset. 

This case illustrates the failure to secure a complete history or to 
give sufficient weight to certain facts In the history; the failure of the 
original surgeon to examine the patient thoroughly; the failure to take 
a second x-ray when the signs and symptoms persisted; and finally, 
the failure to treat the case adequately because of failure properly to 



Fia. jt> L*ifraJ view of tnd x-ny of umr cat Uia foor month* lolfr *8o»br i 
martfd comprr » «ion fncturt of Sth donwl vrrtrbra. * 
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It took three-quarters of an hour to secure a complete history from the 
patient. Examination showed a definite knuckle deformity over the eighth 
dorsal vertebra. He had several variable tender vertebrae, but the tenderem 
whs always constant and marked on pressing over this eighth donaL At the 
writer’s suggestion be was taken to St. Luke’s hospital the next roondn| 
for an x-ray and possible treatment. 

The x-ray examination the next day showed in both views a very marked 
compression fracture of the eighth dorsal vertebra (Figs. 5a, 5b). Later I ex- 
amined the original x-rays and agreed that they faded to show thb fracture. 



Fw ja.— Lateral view c f ftm x-ray uLn the dxy foDowin* the tnjorr •*** 
no tract err 
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The doctor was rather difficult to treat bat gradually recovered from his 
pi in ind discomfort under reft, beat, massage, and a body corset. 

This case illustrates the failure to secure a complete history or to 
give sufficient weight to certain facts In the history; the failure of the 
original surgeon to examine the patient thoroughly; the failure to take 
a second x-ray when the signs and symptoms persisted; and finally, 
the failure to treat the case adequately because of failure properly to 
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It took three-quarters of on hour to secure a complete history from the 
patient. Examination showed a definite knuckle deformity over the dghlh 
dorsal vertebra. He had several variable tender vertebrae, but the tmderow 
was always constant and marked on pressing over this eighth clonal At the 
writer’s suggestion he was taken to St. Luke's hospital the oat monrfnf 
for an x-ray and possible treatment. 

The x-ray examination the next day showed In both views a very narked 
compression fracture of the dghth dorsal vertebra (Figs. 5a, 5b). Later I ex- 
amined the original x-rays and agreed that they failed to show thb fndnrt. 



Fro. ya. Latent Tirw of Cm x-r»y uUn the day folio win* the InW * h *’ W 
no frxeture. 
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Traumatic Lumbago, Myofascitis. — The differential diagnosis 
between the traumatic back and certain diseased conditions is not 
always easy but is of prime importance both in prescribing treatment 
and In those cases of a medicolegal c h a ra cter where the honest opinion 
of the surgeon Is necessary in deciding between liability and non- 
liability, compensation and noncompensation. 

In the case of a slight injury followed by a painful low back, the 
q ues tion as to whether this is a "rheumatic lumbago” or a “traumatic 



Fw. 6. — lateral view of ipin* hi ct>e of Mr. B. ibov-hig compwnkin fracture of flirt 
end third lumhn vertebra*. 


lumbago” Is answered with difficulty. Muscular rheumatism or a myo- 
fascitis very frequently attacks the erector splnae muscles. If the 
Patient states that he was lifting when the attack suddenly started, or 
[hAt he was carrying a heavy desk with a fellow employee who dropped 
ms »d 0 f the desk, throwing all the weight of the desk upon the 
patient, or that he slipped upon some grease while walking through 
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diagnose the condition. The mistake of calling him a t, ncuro n fa the 
usual mistake when all these failures are present. 

Cask a. — Mrs. aged 40, married, sustained a fall 0/ little cooseqaeace 

In March, 1939, Approximately two week* later the complained of pain fa 
her lower back. A good surgeon was consulted and after obtaining this bftory 
of falling and after examining her and finding pain and tenderness dot the 
left aacro-Dlac region, he had an x-ray picture made. This was wgaifat. The 
diagnosis of aacro-iliac sprain was made and the patient wxs treated vhk 
beat, massage, and strapping. The pain persisted and finally, after fire 
months of treatment without relief, the surgeon made another x-ny 0®°- 
fimtlon. This film thawed a marked metastatic carcinoma of the left ffifflo, 
near the aacro-fUac joint 

Together with the surgeon, I aaw this patient and helped to aptrin to the 
husband that his wife had a hopeless, incurable condition and tried to male 
him understand why It showed in the second x-ray when it did not show fa 
the first one. Of course, the condition could hast been discovered earlier by 
the principle laid down above, via . — ij a condition persists and the first s-rrp 
sxktc negative, repeat the x-ray wit kin jour weeks and repeat ag«n* h t far 
weeks, if necessary. 


Case 3. — Mr. B., aged 60, an engineer, fell from hh engine and struck _bb 
back across a rail. He was carried to his home and the doctor was carted. 
Examination was negative, but the doctor suggested that If the patient w« 
stfil in pain the next morning, he would take him to the hospital for in fr«J- 
The next morning, however, the patient was better and no x-ray was Take* 
then or at a later date. After a week this patient got out of bed and innpw 
around the house and yard but always complained of pain in bto spine when 
hetried to get up from bed or from a chair and again when be tried to 
down. After six months he was sent to me for an examination, with T? 
statemtut from his doctor that the old rmm was making too ranch out 01 ca 
injury and wanted to get a penaton. _ . . 

The history was Important, namely, the fall across the raD. Tbepot*®- 
acted perfectly natural and showed none of the earmarks of 
ha complaints. The examination showed a definite spasm of the ata*des 
the lumbar region when be attempted to rise from the sitting podtkaL Palp»- 
Uon over the vertebrae showed no variable points of tenderness but always a 
Constant point of tenderness over the third lumbar vertebrae. The t-oy 
oamteatko confirmed my diagnosis of compression fracture of the third 
lumbar vertebra. There was also a compression fracture of the first 
These fractures, however, did not show upon the anteroposterior view asset 
without the lateral view would have been missed (Fig. 6). 


faflure to take an x-ray here resulted In a wrong diagnosis and 
later to the patient's being called a “neuro” or exaggerator. 


D^erential Diagnosia.~One must be alert to discover dfawsed 
conditions of the spine which simulate, in their early stages at »», 

f ratimnfir ' 
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Eumtoiticm showed an old man who was definitely suffering pain- The 
back eiamliutiori wu negative except for some limitation of motion that 
could easily be due to asteo-arthritis, and for a definite, constant point of 
tenderness in the region of the fourth lumbar vertebra. The rectal examins- 
tlon revealed an enlarged, indurated prostate that was undoubtedly mali gnan t. 

X-ray examina tion showed a destructive process in the body of the fourth 
lumbar vertebra. 

Diagnosis was readily made of primary carcinoma of the prostate with a 
secondary growth In the vertebra. 

The complete physical examination, including the rectal examina- 
tion, combined with the later follow-up x-rav examination, made it 
possible to differentiate this from an accidental or traumatic condition. 

It likewise saved the village of R a considerable sum of money 

when suit was brought to collect damages for the alleged accident. 

DispfioviNa Alleged Stiffness. — I have mentioned the importance 
of unobtrusively observing a patient carefully during the examination. 
Occasionally a patient will complain of stiffness In the back and during 
the examination will show definite limitation of flexion movement 
When the examination is completed, see that the patient’s clothes arc 
lying on the floor. Tell him to dress and then apparently leave the 
examining room or otherwise seem to pay no attention to the patient 
Occasionally such a patient will lean over and pick up his clothes, 
showing that now that the examination is over his back is not nearly 
so stiff as it was during the examination. 

One of my favorite ways of disproving an alleged stiffness in the 
back is the following: I slip on a glove and tell patient that I want to 
make a rectal examination. The patient Is placed in front of a low 
table or chair; finger is inserted in the rectum and of course it is 
painful; patient Is told to lean over the table or chair and it will not 
be so painful. The examination is kept up until the patient has flexed 
his back equal to any normal flexion. These and many other methods 
can be adopted to prove the neurosis or malingering cases. 

Diagnosis has been considered at length before taking up the prob- 
lems of treatment because of the surprisingly large number of these 
back injuries which receive various lines of treatment although no 
definite diagnosis of the real condition has been made. I have seen 
many patients who should haw been in bed at absolute rest, going 
dally to a doctor's office for physical therapy treatment, namely, 
quartz light treatment, or more often, diathermy, or in some Instances, 
baking and massage. Some of these patients have had compression 
tractates undiagnosed. Other patients with trivial injuries have been 
kept in bed for weeks, or fitted with a Taylor belt or given physical 
therapy treatments, usually light or diathermy, and have developed 
troe neuroses chiefly because of overtreatment. Therefore one cannot 
J'Tite concerning the traumatic back without emphasixing the Impor- 
tance of diagnosis. The two must go hand in hand. 
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the factory; if there were witnesses to this slight accident; and foully, 
If the examination reveals a definitely lame back, then it fa practically 
impossible to disprove the injury element. Even If there fa a past Us* 
tory of lumbago and the findings are definitely those of lumbago, the 
slight accident can be held to be an aggravation of an existing condi- 
tion. On the other hand, If the patient gets a sudden attack of lumbago 
when arising from bed or upon turning over in bed, or following a 
Saturday afternoon of helping bis wife dean bouse, then the question 
of accident seldom arises and the case fa dearly one of “rheumatic 
lumbago." As a rule, both conditions are exactly the tame. In these 
indefinite back conditions the question of injury would not be raised 
so often if an aeddent insurance policy or an employer's liability law 
was not involved. 

Posture, Body Mechanics, Fuvtpoot. — In all cases of back injury 
or backache, especially in the low back pain, the surgeon must search 
for faulty posture, poor bodily me chan ics, and such defects as flat foot. 
A third degree flatfoot fa very frequently the active etiologic factor m 
the alleged traumatic back, the slight Injury' being only the exciting oc 
contributing cause. Months of prolonged treatment in such case may 
be avoided by discovering and stressing the treatment of the flatfoot 
condition. 


Tuberculous Spondylitis. — -This may be the cause of the pain 
and disability for which some trivial Injury fa held responsible, it* 
appearance of a psoas abscess may be the first indication which toe 
patient develops to show the true condition. 

KOhmell's Disease.— KOmmefl’s disease, or the development of », 
traumatic spondylitis months after the Injury, must be differentiate! 
from the tuberculous spondylitis and from the osteoporotic typ® 0 
arthritis. 

In those regions still subjected to typhoid epidemics the “tyP™ 1 
spine" must likewise be considered in a differential diagnosis. 

Metastatic Malignancy— T his has already been mentioned. 
spine Is n very frequent site for these metastatic malignancies. tany 
the r-ray may be negative, but one must persist in the i-ray ’‘f 1 
the spine whenever the possibility of this condition is known to 
or can be suspected. 


Case 4. — AL T, 61 yeaa old slipped on the ice while working to 

village of R . He completed hh day's work but the neat d»f 0“ IJL 

fa his back and theretoe went to die village physician. An J-ray *” 
but was negative. FGs back was .trapped. Pain persisted but be w®"* 
work off and <m (or a few weeks and then was forced to quit. About "T 
months following this alleged aeddent he waa referred to roe to ema™^ 
and opinion as to whether It was a traumatic badt, and to sugg®**” 
as to treatment. 
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If you have no physical therapy department, get one. Do not refer 
your cas e* to non medical physical therapists or to unsupervised tech- 
nicians, or to the club gymnasium or to similar places where you lose 
the essential control of the patient and the more essential continued 
interest in his recovery. 

Spinal Feactuezs with Coed Injuey 

Fractures should be divided Into those cases having signs and symp- 
toms of cord injury and those without cord injury. 

Davis (VoL II) deals with fractures Involving the cord, and, there- 
fore, these will not be considered here. However, one ca nn ot refrain 
from pointing out the importance of using physical therapy methods 
in such cases. Many of these cases seem hopeless, even after an early 
laminectomy. Nevertheless, a certain percentage of the hopeless cases 
do recover. Nothing is more pitiful than to see a patient with a 
fractured back accompanied by paralysis gradually regaining some 
power in his legs and yet unable to walk, even with crutches, because 
his feet have been allowed to ankyiose in an extreme equinus position. 

Treatment — A laminectomy is important, but the after-treatment 
of these cases is equally, ii not more, important. Within the first 48 
hours some method of protecting the feet from the disabling foot-drop 
position is essential. One can use sand bags or, better, a padded splint 
fitted to each foot tfith an elastic extending from the top of the splint 
to the leg just below the knee where it is attached by a small piece of 
tape. 

Within the first week, light stroking massage of the extremity, from 
the foot to the hip, should start. This should never be a heavy massage, 
lest one injure the blood vessels now so poorly protected by the 
paralyzed muscles. As time goes on, the firmness of the massage may 
increase. This can be judged by the tone of the muscles. 

Muscle-training exercises, similar to those described in the chapter 
on infantile paralysis (Legg, Vol. II) and in the chapter on brain and 
spinal cord lesions (Davis, VoL II), should start not later than the 
second week and should be persisted in for months or until the patient 
ran begin to exercise and train his own muscles. When this stage Is 
reached, occupational therapy planned for a definite purpose will be 
helpful In improving function. The swimming and underwater exer- 
cises so well described by Lowman (Vol. HI) can be utilized in these 
rases to great advantage. 

The following two cases will emphasize the above points: 

Case 5. — M_ T., aged 40, suffered a compression fracture of the first 
lumbar vertebra with immediate paralyifa of both lower extremities. A 
la ®h»xtomy was performed. The patient then lay in bed for eight months. 

be was transferred to a wheel chair. At the end of a year and a 
bal1 ' « entered the surgical service at SU Luke’s hospital, tmder the care 
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Physical Therapy Axioms for Back Tbfatmint 

Given a trivial injury fa a nervous individual who shows a tendency 
to exaggerate his condition, one can often rub in more disabling con- 
ditions in a week than he can rub out fa a year. 

In such an individual, as well as in other neurotic types, one c*n 
employ diathermy, quartz lights, infra-red bakers, and similar appa- 
ratus to the extent of impressing him with the seriousness of the 
situation and thereby aggravating the neurosis, , 

The fitting of a back brace or a sacro-iliac belt is oca*®° naI v 
Indicated fa certain cases, but in many others such a procedure n 
equivalent to dooming the patient to a life of invalidism, , _ 

It Is often more difficult to get patients who have recovered from 
back Injuries to give up their back braces than It is to get some ow 
fractured cases to give up their crutches. . 

If a patient Is a compensation case, the back brace often is w 
etiologlc factor in a compensation neurosis. The 1 'rail way^!* 114 * 
yesterday have been replaced by the “traumatic neuroses of today 
Given an ambulance-chasing lawyer and his medical cohort 
such a case with a cumbersome back brace and you have a comn 
tlon bard to beaL . .. 

The spine is made up of numerous Joints which are adjacent to 
two large sacro-iliac Joints. Immobilize these Joints for any imgtii 
time and stiffness Is bound to follow. Massage and exercise 
two best means of combating ankylosis here as well as In 
He who treats back, injuries must know or have access to tutting 1 ^ 
physical therapy. 

Machine therapy alone Is not intelligent physical therapy- 1 . 

turn a 'Tight” on these old back cases from now until doomsday 
out any effect ^ 

If desirable, use a li gh t or diathermy machine to beat the paj*. 
follow this with massage, muscle-training exercises, and gra 
doses of work if you want a cure, , 

Physical therapy in 90 per cent of the cases consists of equal 
of trained hand work and of ability to get the patient to help 
In the other 10 per cent of the cases it may be necessary to 
with these some form of machine therapy. _j_ e or 

Common sense and judgment are essential qualifications in 8 
prescribing physical therapy. , u « 0 

“A little knowledge is a dangerous thing " Is especially 
n technician. A talkative technician or one wedded to a 
operands may drop a remark, make a suggestion, refuse fa > ^ 

because her method is better, or otherwise sow seeds of doubt, ic&>. 
dissension in the patient’s mind to the extent of nullifying the 
of the physical therapy treatment. omer- 

A trained technician may administer, but the surgeon rnnst super 
vise the physical therapy treatment. 
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of Dr. Holmblad. The patient coold move his legs, but the lower extremities 
were entirely and markedly atrophied. The knees could be flexed with alight 
iwijtance. The feet, however, were dawlike and were fixed In an exaggerated 
equinus position. If the patient was held In an upright position, hb weight 
rested directly on the tips of his toes. Dr. Holmblad fitted leg and thigh 
braces on this patient with a caliper arrangement which held the feet just off 
the floor when the patient rested his weight on the base of the calipers. Daily 
massag e, musde-tralntng exercises, and lessons in walking with the aid of 
crutches and the braces comprised the plan of treatment. The patient im- 
proved in strength but will probably never be able to do without his braces 
and walking calipers. This is the picture of the patient who received good 
surgical treat men t as far as the laminectomy was concerned, but extremely 
poor or no surgical after-care (Fig. 7). 

Case 6.— On visiting a hospital in a nearby dty I was invited by the sur- 
geon to inspect the ward cases. He showed me a male patient 50 years of 
age who hud suffered a fractured vertebra with cord compression some 11 
months previously. A laminectomy had been performed. The patient was in 
good condition but the paralyses of the lower extremities was still complete. 
A marked foot drop was present and ft was impossible to dorslflex his feet 
manually. This patient, even though be should recover, would be doomed to 
be a bed or wheel-chair invalid the rest of his life. This surgeon stated that 
he did not take much stock in physical therapy. 

Recent Trauma or Spine without Cord Injury 

Recent Injuries of the spine without cord lesions can be divided into: 
(a) compression fractures of the body; (b) fractures of the transverse 
processes; (c) fractures of the laminae and arches; (d) fractures of 
the spinous processes; (e) dislocations and subhixatiom; (f) fracture- 
dislocations; (g) sprains, strains, vertebral locking, etc. 


COMPRESSION FRACTURES 


Compression fracture of one vertebral body Is the commonest type. 
It may be accompanied by si milar fractures In other vertebrae or by 
associated fractures, such as fractures of one or more transverse 
processes. The usual mechanism is a forcible flexion of the spine, caus- 
ing a crushing of the anterior portion of the body. At times there is a 
forward displacement of a s mall wedge of the body of the vertebra. 

The immediate surgical treatment of this condition varies from 
absolute recumbency to operative fixation by bone transplantation 
•cross the site of the fracture. Between these two extremes many 
methods of repair are recommended. 

Personally, I have seen very few compression fractures of the spbe 
m which I fdt that either on Albee or a Hibbs operation or any other 
tiff* of bony fixation was indicated. Dixon, of Kansas City, recently 
advocated, in a clinical meeting, more operations early in these cases 
claiming that better end-results followed in his operative cases than 
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of Dr. Holmblad. The patient coold move his legs, but the lower extremities 
Trere entirely and markedly atrophied- The knees could be flexed with slight 
assistance. The feet, however, were dawlike and were fried In an exaggerated 
equinm position- If the patient was held in an upright position, his weight 
rested directly on the tips of his toes. Dr. Holmblad fitted leg and thigh 
braces on this patient with a caliper arrangement which held the feet just off 
the floor when the patient rested his weight cm the base of the calipers. Daily 
massage, muscle-training exercises, and lessons in walking with the aid of 
crutches and the braces comprised the plan of treatment. The patient Im- 
proved in strength but will probably never be able to do without his braces 
and walking calipers. This is the picture of the patient who received good 
surgical treatment as far as the laminectomy was concerned, but extremely 
poor or no surgical after-care (Fig. 7). 

Case 6. — On visiting a hospital In a nearby dty I was invited by the «or- 
gecn to inspect the ward cases. He showed me a male patient 50 years of 
age who had suffered a fractured vertebra with cord compresdoc some 11 
months previously. A laminectomy had been performed- The patient was in 
good condition but the paralysis of the lower extremities was still complete. 
A marked foot drop was present and it was impossible to dorslflex bis feet 
manually. This patient, even though he should recover, would be doomed to 
be a bed or wheel -chair invalid the rest of his life. This surgeon stated that 
he did not take much stock in physical therapy. 

Recent Trauma of Spine without Cord Injury 

Recent Injuries of the spine without cord lesions can be divided into: 
(a) compression fractures of the body; (b) fractures of the transverse 
processes; (c) fractures of the laminae and arches; (d) fractures of 
the spinous processes ; (e) dislocations and subluxations; (f) fracture- 
dislocations; (g) sprains, strains, vertebral locking, etc. 


compression fractures 


Compression fracture of one vertebral body is the commonest type. 
It may be accompanied by similar fractures in other vertebrae or by 
associated fractures, such as fractures of one or more transverse 
processes. The usual mechanism is a forcible flexion of the spine, caus- 
ing a crushing of the anterior portion of the body. At times there Is a 
forward displacement of a small wedge of the body of the vertebra. 

The Immediate surgical treatment of this condition varies from 
absolute recumbency to operative fixation by bone transplantation 
aortas the site of the fracture. Between these two extremes many 
methods of repair are recommended. 

Personally, I have seen very few compression fractures of the spine 
in which I felt that either an A] bee or a Hibbs operation or any other 
type of bony fixation was indicated. Dixon, of Kansas City recently 
advocated, in a clinical meeting, more operations early In th^se cases 
claiming that better end -results followed In his operative cases than 
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In those treated by dosed methods. Chandler, of Chicago, has recently 

f iubllshed an artlde advocating a bone transplant or a HIbbs operation 
n certain obscure fractures of the lamina . 4 He claims that many aso 
of persistent back pain are due to these fractures of the lamina which 
are extremely difficult to demonstrate by x-ray and are, therefore, 
frequently overlooked. Other excellent surgeons have strongly advo- 
cated open operations. The preponderance of opinion still favors the 
more conservative, dosed method of treatment 


Treatment — The prindples of treatment governing these compres- 
sion fractures are: 

(a) Correction of the deformity by hyperextenikm of the spine 

(b) Immobilization : by recumbency In bed with some device to 
maintain the hyperextension; in a body cast, with recumbency; 
rest in bed and traction; a body cast that allows the patient to 
be ambulatory; or a spedally built back brace 

(c) Immobilization and rest for a variable period, ranging from 
eight weeks to six months 


Wakk's Method.— Walsh, of Pittsburgh, has long advocated the 
hyperextension treatment of these vertebral fractures and has devel- 
oped a special bed which can be raised in the middle, thus 
position of hyperextension to the recumbent patient Davis, of Lne, 
has developed a procedure which he claims will overcome the compres- 
sion deformity of the vertebra and restore its body to normal align- 
nient. This method consists of pladng a sling about the feet, * 
rope or strap passing from the sling through a pulley In the cdlingt 
the anesthetized patient lies face downward, and as his feet and legs 
are raised in the air, his weight rests upon the upper chest 
dons of the spine are made with the patient in this hyperp te no 
posldon. A plaster bed is then applied directly to the patient while 
is still In this posidoc. Later this cast can be bisected and the dsce 
half removed to permit massage. 

Jones* Method. — R. Watson Jones , 1 of Liverpool, describes a rimpk 
method of securing hyperextension and of immobilization of 
fracture, as follows: 


Not only Is a general anesthetic quite unnecessary, bat the position it* 
maintained much more easily by a conscious than by 
m the tiied fallen t. Although complaint is made of aching and discomfort to 
the arm 1 where the weight of the trunk is borne, none of the patienU a*n- 
nWn of pain Id the beck, so that we have not thought it necessary to 
B^hler* suggestion of injecting novocalne locally. One-qaarter or °oe4hW 
° f £ f ^ n ,°J. m ° ,ph,nC b fdven half an hour befie. _ tpr 

Two tables are arranged end to end, with a space between slightly pester 
than the length o the patient 1 * trunk. The font! table is raised on 
or chairs to that it b about two feet higher than the other; although not 
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essentia], it fa an advantage to use an operating table of adjustable height, 
to that the hyperextensioo can be attained gradually by screwing up the 
table after the patient is in position. Throughout the treatment, flexion of 
the spine must be avoided. The patient fa therefore lifted face downward 
on to the lower table, and a double layer of stockinette pulled over the trunk 
and stitched over the shoulders and beneath the perineum. The spinous 
processes and the iliac crests may be further protected by amall pads of 
adhesive fdt, but it fa essential that the plaster should fit very closely; bulky 
padding with wool or felt is to be avoided. A closely fitting woolen bathing 
costume fa an excellent substitute. 

The patient fa now assisted into such a position that he is gripping the 
edge of the higher table with bfa abducted arms, the head resting on a small 
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pGW. The lower tablo supports his lower limbs as high as the tipper thigh, 
bet between the groins and the neck there fa no support. In this position he 
fa unable to prevent his spine from gently sagging into full hyperextension 
(Fig. 8a). The plaster fa applied at once, and fa wefl moulded to the curve of 
the spine, the sacrum, and Iliac crests. The rubbing In of layer after layer of 
plaster gives just sufficient pressure to insure that the normal limit of byper- 
eiteniioti has been reached; beyond this no manipulation of any sort fa 
employed. The plaster should extend up to the neck, and although it may be 
cut out below each axilla to allow free arm movement, none must be removed 
from the front of the thorax (Fig. 8b). It extends well over the sacrum and 
down to the level of the trochanters and symphysis pa bfa, with a small area 
ent oat over each groin to allow flexion of the hips. If the plaster cast is a 
good, closely fitting one, it Is not necessary, even In lumbar fractures to 
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Include either hip, and we strongly deprecate the suggestion tint these 
patients should remain recumbent In a plaster bed or frame. 

As soon as the plaster Is dry, the patient Is encouraged to more about fa 
bed and Is turned frequently to avoid pulmonary congestion. Wasting and 
hypotonfdty of the spinal musculature must be avoided From the KCcnd or 
third day In uncomplicated cases definite exercises for the erector ifiaece 
practiced at regular Intervals. The patient should He prone and Oft the bead 
from the bed against resistance. Each lower limb should be lifted with the 
knee straight by hyperextending the hip. These exercises Involve energetic 
contraction of the erector splnae, and despite the plaster Jacket a patient cm 
maintain a better muscular tone In this way than he could If any imocnt « 
massage and electrical treatment were possible. , 

After ro days the patient may get up and walk for Increasing 
We regard this as a very necessary part of the treatment, not ody be«»f 
st ID further assists in maintaining muscu l a r tone and establishes tbe 
circulation which Is essential for rapid union, but because n rwott* 
patient's mentality to normal. The sooner a man Is dispossessed o too ___ 
that “hi* luck fa broken" and that he “will never walk again, the 


certainly fa subsequent functional disturbance avoided 

Protection of the vertebrae fa necessary for four months. If onuses 
being constantly practiced, the plaster should be retained for the 
this time. After 16 weeks, movements of the spine itsdf are ’ 

a normal musculature and a normal circulation have 
will be no difficulty in restoring full movement. Manipulation i to b . 
intermuscular adhesions will not, as a rule, be necessary- Within m 
the patient should be capable of resuming his normal occupation. 


While as yet I have not had the opportunity of trying this method, 
it sounds simple, safe, and very rational. { 

Hem pel's Method . — Other authors have described 
treatment which combine exercise and massage with the acuve 
ment ol the fracture. Hempel,* for Instance, believes that he 
a way of overcoming the objections against other methods o ^ 
hitherto employed. When there Is no injury of the spinal 
patient Is laid on a hard, smooth mattress, at first lying ^ 

and, after a few dayB, on his stomach so that be can prop 
his elbows. To make certain that sinking of the mattress ^ 

place, boards are placed between It and the bed springs. ^ 

the pain caused by the fracture has ceased, the back ^ 

massaged ( the patient lying on his stomach), and after s ^ 

the patient is permitted to croud on all fours as a ^ 

exercise. Having become proficient in this exercise, the P* U *V , ^ to 
permitted to stand, and lastly, to sit The object of the treatmn 1 
secure perfect anatomic and functional restoration of tn* 


column without injuring the spinal cord. 

Mock’s Method. — By the methods which X have used 
these compression fractures, the marked restoration of the a , 
vertebral body that has been pictured by other methods has not 
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been secured, yet the functional results have, In the majority of cases, 
been very good. Various methods are used, depending upon the given 
case, thus : 

Rest in bed with traction to head and lower extremities, or traction 
and countertraction by elevating one end of the bed- A sand bag or 
firm pillow is placed under the back at the point of fracture to secure 
hyper extension. 

Rest In bed with hyperextension only. In either of these methods, 
the rest in bed persists for 8 to 12 weeks, depending upon the extent 
of the injury. 



Fm. pc— S«m* patient turned from Bradford frame on to i cart. Note the hypcT- 
eitmtion of thu iptne maintained by pdiovt placed on the cart and holding cheat In 
rahed poaitkm Thi* trantfer to the cart b performed daily for the purpoae of fhlnj 
M| “ W to the bad. mwde*. 

UsuaHy a Bradford frame Is employed. It Is bent in the region 
of the fracture so as to give a marked convexity to the firm canvas 
bed, thereby providing the desired hyperextension. The frame can be 
provided with a removable strip of canvas at the buttocks, to facilitate 
the use of the bed pan. The patient is firmly attached to the Bradford 
frame by wide flannel binders. Thus, by turning the frame from side 
to side, the position of the patient can be changed while he maintains 
his hyper extern Ion, and thus the feared pulmonary complications are 
prevented. After four weeks, the patient can be turned completely over 
on the frame, to lie prone upon the mattress. The mattress has suffi- 
cient pillows to raise the upper portion of the chest, thereby maintain- 
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ing the hyperextension. In this position the patient can be taught 
exercises, such as pushing his chest backward by supporting himseli 
upon his arms, the amount of hypercxtenslon bring thereby increased. 

If the bed has been sufficiently padded and adjusted with pillows, the 
Bradford frame can be removed and massage can be given to the back 
muscles. This procedure can be repeated daily after four weeks, and 
the amount of hyperextension exercise and the strength of the massage 
can be increased daily. The frame is then reapplied and the patient is 
turned back into a recumbent position. 

Almost from the beginning of this treatment, massage of the CJtrm- 
Itles, abdomen and chest, and supervised exercises of the upper ana 
lower extremities can be Instituted. The technician am even > mirage 
a considerable portion of the back without unduly distu^^ 
hyperextension position of the patient by sliding her ha , 
either side, between the patient’s back and the canvas 
frame. After four weeks, the amount of massage and extra* am 
Increased, as described above. After six to eight wetf bs» ^ 

usually be lifted from the frame on to a properly padd . 
is well to prevent this mattress from sagging In the middle by P * 
boards across the bed under the springs. At this ... 

should be taught to turn over In the prone & 

under his upper chest, to exercise by raising himsrifon ^ 

arms, and again, by hyperextending his thighs. These 
maintain and increase the amount of hyperextenslcm o ^ 

After eight to ten weeks, the patient can be allowed to j ^ 
for short periods and to exercise by bending forward, gt 
stituting the flexion exercises. These should be carefully 
at first, and should follow the massage treatment (Figs. 9 ^ * ' 

In from 10 to 12 weeks the patient can usually be aroun 
chair with weight-bearing starting at the end of n bare 

symptoms of pain and signs of muscle spasm and sc “V" Ve _ trace 
disappeared. Seldom, and now practically never, is a ben 0 tbe3£ 
applied to these patients. For another four to cffj hl p CT 3 j 5 ted 
patients are carefully supervised, massage and exercise are ^ 
In, and home work is started. By the end of six months, ^ork. 

of these cases can be back at their employment, even at w '"_ oaDt 0 f 
This treatment is based upon maintaining as large a® ^jtbout 
function In the joints and musculature of the back as possi rc3tora . 
further compression of the fractured vertebra, with a£ gre* 0 f 

tion as possible of the form of the vertebra, and with nrm 
the fracture before weight-bearing is allowed. The prevention, # 
ening and foreshortening of the ligaments, contraction or ^ (0 
rurosis, and adhesions and fibrotic changes in the mosci f U rtber 
atrophy from disuse is held of equal Importance to prevenu S 
compression and to securing good healing of the fracture.. ^ nce 
amount of these changes is bound to occur, therefore the ji 


amount t 

in the massage and exercise until all such changes are 


overcome 1 
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extremely important. It is very easy for such a patient to begin to 
hold the back muscles more or less rigid, to develop faulty posture, 
and otherwise to undo the early efforts, if supervision stops too soon. 
Heat, of course, is an excellent adjunct to the massage and should 
precede It. Hydrotherapy in the form of hot tub baths is also effi- 
cacious before the massage. 

All fractured vertebrae do not fall into the class of the cases just 
described. Some of them seem to recover completely without any treat- 
ment, while others continue to have symptoms in spite of the most 
careful supervision. The surgeon must use his judgment in the handling 
of each Individual and will find that many will respond to the treat- 
ment even more rapidly than those Just described. Again, consideration 
must be given to the forms of treatment now being advocated by 
many, which allow earlier ambulatory care. 

Cervical Fractures. — Fractures in the cervical region usually 
need immobilization for a period of six or eight weeks. This can be 
accomplished by rest in bed with a jury-mast traction apparatus, by 
cast or by specially made neck braces with head support. A combina- 
tion of traction with the neck brace Is most often used. Frequently 
these braces or a cast is worn for six months. 

^lassage, which is gentle at firet, but which is gradually increased in 
force, should be started within the first week while the patient is still 
in bed and in traction. The massage should include the neck, shoulder, 
and arm muscles. I am opposed to a cast because it prevents massage, 
and later, exercise. A brace can be removed and massage given. The 
patient should be placed in bed or on a table and Immobilization main- 
tained by sand bags placed on either ride of the head during the treat- 
ment and then the brace should be replaced. This should be done 
every day or at least every other day. After four weeks very slight 
active exercise, such as gently turning the head from side to side, and 
assisted active exercise, such as helping the patient to lift his head 
slightly from the table, should be instituted. After eight weeks, pro- 
vided the x-ray shows no contraindication, the brace can be removed 
for longer periods each day and the amount of exercise and massage 
increased rapidly. By the end of 10 to 12 weeks most of the average 
cases of fracture of cervical vertebrae without cord symptoms should 
be free of all immobilization and all braces and should have full func- 
tion in the neck. 

. 1 have seen patients with cervical fracture still wearing a brace after 
six months with stiff neck due to ligament and muscle contraction 
who haw been told that they must wear the brace for at least a year! 
Unquestionably, more attention paid to maintaining function in the 
soft tissues of the neck and more faith in the ability of these frac- 
tured vertebrae to beal would obviate the necessity, often bora of fear 
°J disaster » of wearing these casts or braces for even six months let 
alone a year. ’ 
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DISLOCATIONS AND 6 UBLUXATION S 

Dislocations or subluxations of vertebrae require careful raanipula- 
tion to reduce the luxation or subluxation. If it Is in the cervical regicc, 
the treatment is usually done under anesthesia. The patient’s head nd 
neck protrude over the head of the table and rest to the operators 
hands. Then by a combination of traction, gentle but gradual fiction of 
the neck, Increased traction and of bringing the bead backward with 
the neck in hyperextensiem, the dislocation Is overcome. Pressure with 
the fingers Just below or above the site of dislocation is firmly made 
to act as a fulcrum. In addition, lateral movement of the bead, bring- 
ing marked lateral flexion of the neck first on one side then on the 
other, is sometimes necessary. Of course, all manipulation to the neck 
should be entered Into with great caution lest the dislocated vertex 
brae should be forced Into greater deformity and cause compression 
of the cord. 

Rest in bed with early massage should start almost at once, and 
exercise can start after two weeks. A brace may be worn for four wetu 
•if the dislocation has been completely reduced, or possibly for eight 
weeks if it has been incompletely reduced. Here again the prolonged 
wearing of a brace or cast is unnecessary. 

Some of these cases can be reduced by applying heavy traction to 
the head. However, if this falls by the end of the first week, manipula- 
tion is indicated. 

Luxations and subluxations in the dorsal and lumbar region^ 
extremely difficult to reduce by manipulation. Usually, hyperextensioc 
of the back combined with traction will result in sufficiently PX" 
duction to obtain a good functional result However, it Is to this type 
of case that the patient often complains of pain and weakness m 
back for months and years. These results occur too often ana toe 
symptoms In the different cases are too similar for them to be °a- 
as neuroses. This is the type of case to which ankylosing operations 
wffl often give the best results. 


FRACTURE-DISLOCATIONS 

Fracture-dislocations are more frequent than pure dislocations- TteJ 
must be handled as described for pure fractures. In selected^** 5 ’ 
especially In the cervical vertebrae, manipulation may be reaor ^_ 
m order to overcome the dislocation. In other cases operation 
advisable. If the attempt to reduce the dislocation fails, a booc gra 
operation should be performed to prevent further dislocation andda** 
a ? e . t 0 i^ ie C 0 V J - 1 tour seen only one case where this procedure seemed 
advisable and necessary 

,J, n ."’'S' C f 5tle,,iM 'Sort ■•K’UW torth “ 

J*»t, massage, and eserdse in order to maintain 
and to prevent the dire remit, 0 f prolonged immobfliiation of Jof nU - 
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FRACTURES or TRANSVERSE PROCESSES 

Fractures of the transverse processes are peculiar in their behavior. 
As a rule they result in immediate disability, with pain, muscle spasm, 
and tenderness even more marked than in many of the cases of com- 
pression fracture, and these symptoms and signs will continue unduly 
long in spite of treatment. Again, the signs and symptoms will dis- 
appear after a week in bed with heat applied to the back, and the 
patient will begin to insist upon getting up. The physician will catch 
him sitting up in bed in spite of his warnings and advice. I have seen 
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DISLOCATIONS AND SUBLUXATIONS 

Dislocations or subluxations of vertebrae require careful manipula- 
tion to reduce the luxation or subluxntion. If it is in the cervical region, 
the treatment is usually done under anesthesia. The patient’s head and 
neck protrude over the head of the table and rest in the operator’* 
hands. Then by a combination of traction, gentle but gradual fledon of 
the neck, Increased traction and of bringing the head backward with 
the neck in hyperextension, the dislocation is overcome. Pressure with 
the fingers just below or above the site of dislocation Is firmly made 
to act as a fulcrum. In addition, lateral movement of the head, bring- 
ing marked lateral flexion of the neck first on one side then cm the 
other, is sometimes necessary. Of course, all manipulation In the neck 
should be entered Into with great caution lest the dislocated verte- 
brae should be forced Into greater deformity and cause compression 
of the cord. , 

Rest In bed with early massage should start almost at <**e> 
exercise can start after two weeks. A brace may be worn for four wee 
if the dislocation has been completely reduced, or possibly for ogm 
weeks if it has been incompletely reduced. Here again the prolonged 
wearing of a brace or cast is unnecessary. 

Some of these cases can be reduced by applying heavy traction 
the head. However, if this fails by the end of the first week, manipula- 
tion is indicated. 

Luxations and subluxations fn the dorsal and lumbar 
extremely difficult to reduce by manipulation. Usually, hyper ext 
of the back combined with traction will result in sufficiently 
duction to obtain a good functional result. However, it is intna yp 
of case that the patient often complains of pain and weakness 
back for months and years. These results occur too of^j 
symptoms in the different cases are too similar for them to be 
as neuroses. This is the type of rate in which ankylosing opera 
will often give the best results. 


7RACTURE -DISLOCATIONS 

Fracture-dislocations are more frequent than pure 
must be handled as described for pure fractures. In selected^ 
especially in the cervical vertebrae, manipulation may be resort* 
in order to overcome the dislocation. In other cases operation 
advisable. If the attempt to reduce the dislocation faffs, a hone g**-* 
operation should be performed to prevent further dislocation 
age to the cord. I have seen only one case where this procedure 
advisable and necessary. 

In these cases the name effort should be put forth as early 
slble to give heat, massage, and exercise in order to maintain 
and to prevent the dire results of prolonged immobilisation of J t® 15 * 
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prevent thickening and contraction of the aponeurosis. Daily exercises 
of the legs and arms, active in character, are supervised by the tech- 
nician. By the end of the sixth week assisted active exercises of the 
back are started, such as byperfiexing the spine by the patient’s lying 
prone and raising himself on his elbows or hands; later, by his lying 
on his back and lifting his buttocks from the bed; and finally, by his 
sitting up in bed, first assisted and later unassisted. By the end of 
eight weeks, unless the x-ray shows definite contraindications, the 
average case will have recovered and will need no further physical 
therapy. 

FRACTURES OF SPINOUS PROCESSES 

Fractures of the spinous processes are treated approximately in the 
same manner as fractures of the transverse processes. 

FRACTURES OF LAMINAE AND ARCHES 

Fractures of the laminae are treated when diagnosed as described 
for compression fractures. Chandler, of Chicago, has described ob- 
scure, often undiagnosed fractures of the lumbar laminae which cause 
prolonged symptoms and which require bone transplants and fixation. 
He has done exhaustive work on the subject Following the operation, 
of course, there Is rest in bed, I would add to this treatment measures 
of heat, massage, and graduated exercises (Fig. ri). 

Sprains of Back 

Etiology. — Sprains of the back follow many accidents which are 
sufficiently serious to give a fracture, but following which x-ray evi- 
dence of fracture is lacking. Sudden twists or falls when fn a strained 
position, for example, slipping while straining to lift a heavy object or 
having a sudden weight thrown upon the straining body, will also often 
result In sprains of the back. As in any other part of the body, a sprain 
will cause a certain amount of tearing of the ligaments and attach- 
ments about the part, ecchymosfs or minute hemorrhages, exudation, 
and swelling. 

Symptoms. — The pain is usually immediate, causing the patient to 
stop work and rest, but after a few hours ft may snbsfde and be may 
return to work. The next morning or a day or two later he Is so sore 
aud the pain Is so marked that he cannot get out of bed or he cannot 
straighten up. The continued use of the back has aggravated the 
condition. 


DUgnosk,— It Is extremely Important to diagnose a sprain early 
end to put such a patient to bed at absolute rest. Heat, moist or dry 
•tald be applied at once. If available, diathermy is a valuable means 
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such patients up and around and apparently well at the end of sh 
weeks even when the x-ray has shown three transverse processes, frac- 
tured, displaced slightly, and still ununlted (Fig. io). 

Other cases which seem to be making satisfactory progress begin to 
grow worse and develop into the typical chronic back cases. Too often 
this change dates from the time the patient Is told by another doctor, 
the Interne, the nurse, a fellow patient, or some lawyer or member oi 
the family seeking to magnify the importance of the case, that be has 
a “broken back.” 

The term “broken back” Is a potential trouble maker. It brings fear 
and apprehension to the patient. It recalls cases beard of in the past 
in which the individuals never walked again. It carries ideas of 
grandeur due to the old days of frequent lawsuits when a “broken 
back” was usually good for a $10,000 or $25,000 damage. 

I am not in favor of withholding from any patient the diagnosis of 
fracture, but if It was ever justified, it would be in these back frac- 
tures, especially of a transverse process. To prevent the above dangers 
of apprehension from being bom in these cases, I usually take time to 
draw a picture of a segment of the spinal column, show this to 1 
patient, and explain to him how this little transverse process js 
but that it has no connection with the so-called broken back, tha 
cannot possibly affect the cord, and that there are so many 
transverse processes to take up its function that no great damage ran 
come from It. I then Ex p l ain that he must keep quiet for six to elgn 
weeks in order to allow the fracture to unite, pointing out that 0 
the union is only fibrous but that fibrous union will be soma cm 
give him full and good function of his back once more. In sp* te 0 
these precautions, cases of fracture of the transverse process 
become exceedingly difficult to treat 

Treatment. — Personally, I prefer to treat these cases by re5 ^.^ Q 
for six to eight weeks. The mattress is prevented from sag£ a K 
placing boards across the bed underneath the springs. A soft pm 
the small of the back will help maintain the normal lordosis. ^ 

Heat should be applied at once in the form of large, . 

fomentations with large folds of flannel as the agent, the nan^ “rj 
held in place by a covering of rubber sheeting. A binder 
applied. The applications should be frequently changed ana 
very warm. Hot-water bottles, an electric pad, or an ordinary 
trie light bulb and reflector may furnish the source of beat* 
ns the patient can be turned over on his stomach (be shanc ^ 
relaxed and let the nurse and technician turn him over), g«hc wro 
lng massage Is started. At first this is a sedative massage whfen 
to relax the spasm in the muscles and to relieve the pftim ^ 

massage Is Increased and becomes both stroking and, by 
week, kneading or rotary In character. Its purpose now Is to lnC *V^ 
circulation to these parts, to overcome any muscular atrophy, a™ 
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prolong the condition. Allowing them to remain recumbent for three or 
four weeks without massage or exercise is only to foster adhesions, 
painful Joints, and a string of indefinite sequelae that usually even- 
tually lead to an erroneous diagnosis of neurosis. Strapping the back 
with firm adhesive plaster and allowing the patient to go about is 
better than the last-mentioned procedure provided that the strapping 
is not too prolonged and that the patient does not develop faulty 
posture habits. Rest, heat, and massage for the first week, with 
strapping for the second week, followed by systematic efforts to de- 
velop exercise and function, will relieve the majority of these cases 
within three to four weeks. However, the strapping usually causes 
pimples and irritation and prevents proper massage. If possible, It 
should be avoided. Certainly tight strapping or the early and pro- 
longed use of a brace is often another means of ca uring muscle 
atrophy, contraction of ligaments, and adhesions. 

The commonest location for these sprains is In the low back, 
usually a lumbosacral or a sacro-fliac condition. The sprain in these 
regions Is too often not sufficiently serious to cause the physician 
great concern or to Justify the patient’s going to bed and being fussed 
with. As a result, inadequate early treatment prolongs the condition, 
allows it to become aggravated, or results in sequelae which are far 
more difficult to relieve. The latter will be considered under post- 
traumatic conditions. 

Rest, heat, massage, and graduated exerdse are indicated and 
should start early whenever the history and findings suggest the 
possibility of a lumbosacral or sacro-fliac sprain. As a rule I never 
strap these patients, except possibly for two days to a week when they 
first get out of bed. In a Limited number of cases a sacro-fliac belt may 
be indicated, but pladng a sacro-fliac bdt on a patient and telling 
him to wear It Indefinitely without daily removal for massage tends 
only to doom him to invalidism. Four to six weeks should be the limit 
for the wearing of such a belt. The belt soothes both the patient and 
the physician, often preventing the early discovery of sequelae that 
must be treated and removed if full recovery is to follow. A good plan 
to follow when these patients first get out of bed is firmly to belt the 
sacro-fliac region by applying an ordinary strap bdt fust outride the 
underclothes and passing it around the body just below the antero- 
luperior spines of the Uium. The patient is instructed to remove this 
for rest periods and for certain exerdses. He seldom becomes wedded 
to such a bdt as he does to the more elaborate sacro-fliac braces. Again 
Id me repeat that the latter have their place, but only in a limited 
number of cases and for a limited length of time. 

Some patients will not respond to the above treatment nor to any 
other form of treatment. Certain of these either are operated on for a 
fixation of the sacro-illac joint or become permanent wearers of the 
sacro-fliac or other form of brace. When I am forced to yidd to one 
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of applying heat and gives the quickest relief from pain. Early mas- 
sage, rhythmic and applied gently at first but gradually increased in 
force and carried always in the same direction, i.e., upward and out- 
ward, will soon reduce the exudation and swelling. As soon as the p*in 
is relieved or after one week, active assisted and active emdMs 
should start to prevent contraction of the ligaments, thickening of the 
aponeurosis, and adhesions about the joints. 

Treatment. — Allowing these patients to be up and around and to 
assume faulty postures in order to relieve their discomfort is only to 
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prolong the condition. Allowing them to remain recumbent for three or 
four weeks without massage or exercise Is only to foster adhesions, 
painf ul joints, and a string of indefinite sequelae that usually even- 
tually lead to an erroneous diagnosis of neurosis. Strapping the back 
with firm adhesive plaster and allowing the patient to go about is 
better than the last-mentioned procedure provided that the strapping 
is not too prolonged and that the patient does not develop faulty 
posture haWts. Rest, heat, and massage for the first week, with 
strapping for the second week, followed by systematic efforts to de- 
velop exercise and function, will relieve the majority of these cases 
within three to four weeks. However, the strapping usually causes 
pimples and Irritation and prevents proper massage. If possible, it 
should be avoided. Certainly tight strapping or the early and pro- 
longed use of a brace is often another means of causing muscle 
atrophy, contraction of ligaments, and adhesions. 

The commonest location for these sprains is In the low back, 
usually a lumbosacral or a sacroiliac condition. The sprain in these 
regions is too often not sufficiently serious to cause the physician 
great concern or to Justify the patient's going to bed and being fussed 
with. As a result, inadequate early treatment prolongs the condition, 
allows it to become aggravated, or results in sequelae which are far 
more difficult to relieve. The latter will be considered under post- 
traumatic conditions. 

Rest, beat, massage, and graduated exercise are indicated and 
should start early whenever the history and findings suggest the 
possibility of a lumbosacral or sacro- iliac sprain. As a rule I never 
strap these patients, except possibly for two days to a week when they 
first get out of bed. In a limited number of cases a sacro- iliac belt may 
be indicated, but placing a sacro- iliac belt on a patient and telling 
him to wear It indefinitely without daily removal for massage tends 
only to doom him to invalidism. Four to six weeks should be the limit 
for the wearing of such a belt The belt soothes both the patient and 
the physician, often preventing the early discovery of sequelae that 
must be treated and removed if full recovery is to follow. A good plan 
to follow when these patients first get out of bed Is firmly to belt the 
sacro-fliac region by applying an ordinary strap belt fust outside the 
underclothes and passing it around the body just below the enter o- 
su peri or spines of the ilium. The patient Is instructed to remove this 
for rest periods and for certain exercises. He seldom becomes wedded 
to such a belt as be does to the more elaborate sacro- iliac braces. Again 
let me repeat that the latter have their place, but only in a limited 
number of cases and for a limited length of time. 

Some patients will not respond to the above treatment nor to any 
other form of treatment Certain of these either are operated on for a 
fixation of the sacro- iliac joint or become permanent wearers of the 
Mao-Hiac or other form of brace. When I am forced to yield to one 
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or the other of these plans, I feel that In some way ray Ideals of treat- 
ment have miscarried or have been cheated. 


Strains op Back 


Strains of back usually occur from less severe injuries than those 
which result in sprains. In strains the signs and symptoms are not as 
severe as they are in sprains. Failure, however, on the part of the 
physician or patient to recognize these strains and to trot them is 
potential trouble makers often results in prolonged disability. 

They can usually be treated as ambulatory cases, but If the signs 
and symptoms begin to grow worse or are prolonged for more than a 
week, I favor putting the patient at absolute rest and treating Mm as 
described for sprains. The ambulatory treatment consists of appfyinf 
a firm binder and having the patient report dally for heat, massage, 
and graduated active exercises. The patient is instructed to take coe 
or two hot baths a day at home. In between treatments. I have seen i 
patient with simple strain who reported to the physical therapy labora- 
tory for treatment grow markedly worse after the treatment Thn 
usually occurs in the winter. He Is baked and massaged in the warm 
office, goes out into the cold, rides home on a cold street car, and that 
night develops a severe attack of lumbago or myositis. Physician 
should recognize this danger, and if the patient complains of “catcMa? 
cold” after office treatment, some form of home treatment should be 
substituted. A baker to use in the home can be made or bought vny 
reasonably, or the physician can rent or lend one to the patient, 
technician can report to the home daily to give the beat and maiwgt- 
Unque3tionably more attention must be paid to the effect upon the 
patient of ambulatory physical therapy than has been done in 


Lumbago, Myositis, Myofascitis 

Lumbago, myositis, and myofascitis are all terms used to denote an 
acute painful back. The attack usually comes cm suddenly and 1 o 
after some minor injury or, more often, after some unusual strati 
such as overlifting, or after a change from a rather sedentary octups 
tio T^f 'TO' active or heavy work. 

. Thanksgiving at a family reunion I played a strenuous 
of old-fashioned shinny with a number of my male relatives. Se\ 
of our sons were college boys, and while the old guard won theg«» 
yet we were hard-pressed. It was a moderately edd day. We 
very warn and then cooled off rapidly. Within two hours I 
«.-cre lundogo I, ported two d»p and then dL«£ 

prarri. Woa thb due to atraiu, to the rapid heating and cooling 
b«3y or to a fool Infection^ I have no other evidence of a fooU 
Infection. 

We undoubtedly have traumatic lumbago and lumbago do' 10 “ ,tC ' 
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tlon. Search should be made for the infection in all cases of persistent 
or recurring back palm The rapidity with which a lumbago will dis- 
appear after an abscessed tooth has been pulled has been noted many 
times. However, ail painful backs have not yielded to the loss of a 
tooth or even of all the teeth. Other causes must be searched for before 
too many teeth, tonsils, gallbladders, etc., are sacrificed. 

The treatment of these strain-lumbagos when they persist Is rest, 
heat, massa ge, and graduated exercises. Often they will yield best to 
infra-red baking. The ordinary electric glow for heating a bathroom 
is one of the best infra-red bakers that can be secured. 


Locking of Vertebral Join ts 


Acute locking of some of the vertebral Joints, possibly a ligamentous 
dysfunction rather than a slipping or slight dislocation, occurs. The 
condition is most common in the cervical region and in the neighbor- 
hood of the twelfth dorsal and first lumbar vertebrae. It is a peculiar 
phenomenon and often manifests itself In the cervical region by a 
sense of sudden pain, followed at once by a burning sensation in the 
neck, and later, by a momentary or temporary stiffness; then it sub- 
sides. Occasionally it will be more severe, will persist, and will require 
treatment. In a recent newspaper the case of a woman who dislocated 
her neck by suddenly turning her head was described. From the de- 
scription of the case I believe it was one of acute locking. A year ago 
my son grabbed his sister playfully about the neck and bent her back- 
ward. She cried out, held her hand to the back of her neck, and could 
not move her head, which was held in a fixed, slightly turned position. 
I was home at the time and immediately went to her assistance. The 
bead was fixed, evidently by some locking, in the region of the second 
to the fourth cervical vertebrae. I bad her sit on the floor, placed a 
hand on either side of her bead, and lifted her upward, allowing her 
body weight to be the force of traction. At the same time I gently 
manipulated her head from side to side. There was a sensation of a 


sudden slip or give in her neck and she immediately exclaimed that 
now it was all right Only a slight temporary soreness followed. 

Similar examples of locking have occurred following the hitting of a 
bump and then being thrown upward and backward when riding on the 
back seat of an automobile. In one such case examined two days after 
the acddent the patient had a painful stiff neck with very little head 
movement The x-ray was negative. This case yielded to manipulation 
followed by heat and massage for three days. A farmer boy was seen 
by me at his home in the country. He had terrific pain in his back 
located In the region of the twelfth dorsal vertebra. His physician had 
given him hypodermics of morphine without any relief of the nain 
The condition had followed the lifting of a heavy grain sack The 
enderness was marked over the twelfth dorsal vertebra and the first 
lumbar joint He could not stand examination, let alone manipulation. 
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We were not prepared to give him an anesthetic and the family ref toed 
to allow removal to the local hospital. Traction was applied to Us kps, 
the foot of the bed was elevated, and a pillow was placed under hts 
back. He continued to suffer for almost a week, when the pain sod- 
denly disappeared. Mennell T describes acute locking of the costal 
vertebral joints and gives very well-defined methods of manipulation 
to overcome these. Although physical therapy is seldom needed in 
these cases, yet physical therapy and manipulative surgery are to 
closely related that it seems proper to mention them here. 

Similar lockings may occur between two adjacent transverse proc- 
esses or between an elongated spinous process and its fellow. Manipu- 
lation is necessary for relief. Prolonged pain following some of the* 
cases of locking between vertebrae are undoubtedly due to a persistent 
synovitis. Heat, massage, and gradually increasing exercises axe like- 
wise indicated in these cases. 


Wryneck 

Wryneck or stiff-neck is almost as common as lumbago. The ordi- 
nary case will usually disappear without treatment or with heat and 
massage. Wryneck following injury to the cervical vertebrae or to 
sprains In this region often requires prolonged treatment by heat, 
massage, and graduated exercises. 


Posttrauwatic Sequelae 

Any surgeon doing a considerable amount of reconstructive surgery 
will see a great number of traumatic cases weeks and months ahertr* 
acute injury. They are referred for treatment to overcome certain 
sequelae which are the result either of the injury or of the treatment 
given. A high percentage of these raw are back injuries. 


Old Fractured Vertebrae without Cord Injury 

Etiology. — The persistence of symptoms In cases of compress^ 
fracture of one or more vertebrae or of fractures of the transverse 
spinous processes beyond a period of three months usually mflatg 
that certain sequelae have developed which must be discovered ana 
treated if the given part la to secure complete functional recovery. A 
usual causes for these persistent symptoms are: 

A. Failure to diagnose the fracture and to institute proper treat 

ment early. Negligence in taking a lateral x-ray picture 

n con } monest cause of diagnostic failure. 

B. Too short a period of active treatment of the fracture. 

C. Too prolonged a period of active treatment by a cast or Otaa 

forms of immobilization. 

D. Too much dependence upon a back brace. 
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E. The surgeon’s waning interest in the case after two or three 

months. 

F. The development of functional neuroses. 


The following short rfeumfe of cases illustrate these conditions: 

Cake 7. — Mr. C. S., 35 years old, was treated five months for a sacro- Iliac 
condition. He had been kept In bed for m month, was fitted with a sacro- Iliac 
belt, was given light treatments, and was finally told to go to work. He at- 
tempted light work, but the next morning be could not stoop over to pull 
onhls shoes. He was seen several times by his doctor, but the latter had 
“seemed to lose interest in my case," according to the patient. He was 
finally referred to St. Luke’s hospital where be came under my care. 

Examination showed a definite point of tenderness which was constantly 
located, at each examination, directly over the fourth lumbar vertebra. 
Movements of the back, especially when be attempted to straighten up 
from a stooping position, caused definite rigidity or muscle spasm in the 
erector spinae muscles of this region. From the history of the case and from 
these findings a diagnosis of probable fracture of the fourth lumbar vertebra 
was made and the x-ray was then ordered. The lateral view showed that a 
small wedge of the body of the fourth lumbar vertebra was broken off and 
displaced anteriorly. There was a slight depression of the anterosuperior 
border of the body of the fourth lumbar vertebra. The anteroposterior view 
failed to show any evidence of this injury. 

The case was reported as one of fracture. The original doctor was asked to 
mail In his x-rays so that we could see If this was present at the time of the 
original injury. His x-rays had been made only In the anteroposterior view. 
My x-rays and the original x-rays were then submitted to another roentgen- 
ologist, who called the condition an ceteo-arthritla. They were then sub- 
mitted to Dr. Hollis Potter, who said that the condition was a fracture and 
pointed out that osteo-arthritls must always involve the articular surface 
which was not affected in this case (Figs, iaa, 12b). 

The patient’s pain and muscle spasm were due to the prolonged immobiU- 
ration of the back musdes and joints by the sacro- Uiac brace, to holding 
them stiff because movement caused pain, and to periods of attempting 
■dive exercise and work before he was ready for them. Certainly there was 
do surgical treatment indicated to remove or replace this wedge. Further 
Immobilization offered neither temporary nor ultimate relief of the situation. 

The treatment Instituted was first to explain the condition to the patient 
in common sense terms and to secure his cooperation. Then be was put to 
bed, and the back baked and hot fomentations applied alternately every two 
horns. Massage once a day was started immediately. Simple, very graduated 
^“rcises were given at each period of massage. Whenever pain or muscle 
r P a3m appeared, the exercises were stopped and were not carried to that point 
again for three days. After two weeks he was allowed to go to the physical 
tIl «apy department In a wheel chair for the same treatment. After another 
«ek be was allowed to walk about and to go to the occupational therapy 
deportment for light work. He was discharged at the end of eight weeks 
<£red, not of a broken back (for this fracture had bealed, albdt with slight 
deformity, long before I saw the case), but of the soft-tissue ankylosis which 
developed from prolonged immobilization and disuse and whkh caused 
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muscle spasm and pain whenever undue stress was applied to thae taui 
Joints. 

Case 8. — Mr. 0 . S., aged 57, a railroad engineer ^suffered a ampraslco 
fracture of the third and fourth lumbar vertebrae. He weighed 200 lb. He 
wis kept at rest in bed for six months and was then fitted with a back tna. 
He had not been able to return to work. He was referred to me to ucertib 
if anything further could be done or if this man should be pensioned. 

Examination revealed a very heavy, short man who weighed 140 fb., tar- 
ing gained 40 lb. during course of rest and treatment. His back wu hod 
rigid in a leather and steel back brace. The muscles were slightly rigid cc 
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motion, bat there was no muscle spasm. The patients chief complaint w« 
pain and weakness in his back when he attempted to go without his brace. 
In addition, he had swelling of the ankles which had developed since he was 
allowed oat of bed, and be had flatfeet. His basal metabolism was normal. 
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Physical therapy, a reducing diet, foot exercises, and gradually giving np 
his back brace resulted in improvement in the back muscles, the disappear- 
ance of the swelling in the lower legs, and the loss of jo lb. in weigbt At 
the end of six weeks he was going about constantly without hh brace md 
without complaints. He was allowed to go to his home In Ohio. In four 
weeks he returned to us with the ankles again swollen and wearing the 
brace. He refused to stay for further treatment and has since been retired on 
a pension. 

The broken back, of course, was the exdting cause, but his great giin fa 
weight, hi* becoming wedded to a back brace with its accompanying wwt®- 
big of the back muscles and stiffening of the back fdnta, combined with a 
spirit of giving up and accepting a pension, were the real causes of this nuni 
disability. All these could have been prevented and overcome if he had been 
willing to put up a fight. 


Cask 9. — A. R., who was injured in an automobile accident fa Mldrig^ 
was taken to a hospital and an x-ray (anteroposterior view rally) wu ma* 
of his back. No fracture was found. He was kept in bed for two week s 
a diagnosis of a confined back and was then discharged. He returned 
home in Chicago and was under the care of an osteopath for two ***“, 
be consulted a lawyer and started suit against the owner of the 
His lawyer referred him to a doctor who x-rayed his back and fa tlw 
view discovered a compression fracture of the first lumbar rertehra. 

4«, 4b.) He reported to this doctor daily for light treatments. No maswg 
was given. At the end of 10 weeks the insurance company involved n 
the patient to me, with the consent of his lawyer, for t r^J H i rl r ry 

the evidence of the 10- weeks’ old compression fracture which bad pnicu^ 
gone untreated. The patient had muscle spasm and pain 00 
undue flexion movements of his back. The pain and muscle spasm, / 
caused the patient to hold his back quite rigid. As has been frequenuyiu* _ 
this protective immobilization of the spine can cause partial an*} 
contraction change* in the soft tissues about the spinal joints. __ 

The patient was more anxious to secure a good recovery 
tured back than to secure a large settlement He agreed to ta*e 
and wax very cooperative. He was referred to our physical tberajV 
ment for daily treatment consisting of baking the back (beat), 
graduated exercises. I could see no reason to treat the fractured ^ ^ 

alter 10 weeks by putting the petfent to bed or by applyfag * , . dy 

These would only have added to the stiffening process whfah j t f^ -^aU 
begun in his back. At the end of a month bis case was settled Jcr* 
amount and he retamed to his regular employment of traveling 

The above caws Illustrate that It Is not the fractured rertetai/re" 
that gives the prolonged disability In back fractures, bul toe » , 

obvious, at other times obscure, sequelae that follow In the ,raltr 
such fractures. 


Treatment Ail during the active treatment every e^ort sbouW^ 
made to keep up muscle tone, normal body functions, and a 
mental attitude. As soon as such treatment is safe, exercises 
added to prevent loss of joint function. Then, os the case becon 
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ambulatory, belts or braces that may undo all these efforts should be 
avoided as far as possible; if they are applied, the period of wearing 
them should be limited to only a few weeks. Start more active heat, 
massage, exercise, and occupational therapy as soon as the case is 
amb ulatory, and persist in these until full function and working ability 
are regained. Do not allow your interest in the case to wane until the 
patient has recovered. There will really be no need of a convalescent 
period after treatment has stopped if this program Is carried exit. 

Recently I examined a girl with a compression fracture of the sec- 
ond lumbar vertebra- She was being treated admirably. Her doctor 
remarked that one of the nurses in this hospital had suffered a fracture 
of her first lumbar vertebra six months ago and that now she was 
doing full duty. A little later he sent for this nurse. She was a healthy, 
very cheerful girl, standing very erect and in response to the doctor’s 
question, “Are you wearing your back brace?” the replied, < ‘Oh, yes, 
I couldn’t do without it.” 

On further questioning, the nurse gave the following information: 

“1 was in bed seven weeks and then they put on this brace and I 
was able to be up and around and went back to duty at the end of 
three months. Yes, I leave the brace off at night and try for a few 
hours once a week to get along without it, but I soon get so tired and 
my back Is so weak and sore that I am glad to put it back on. 

“Oh, I feel so good and am held up so straight by this brace that I 
don’t mind wearing It at all.” 

This nurse was becoming wedded to her back brace. Her doctor 
agreed with this and was deeply interested In my suggestions. This hos- 
pital has an excellent physical therapy department, and yet this nurse 
had never been given massage and back exercises. I suggested that 
these should be started and that each day she should go an hour longer 
without her brace. As the strength and function of the erector sptnae 
muscles returned, she should be able to leave off the brace altogether, 
probably at the end of three weeks. She had been told to wear the 
brace for a year. At the end of that time some such a program would 
be necessary anyway. Her fracture was long since healed. Why con- 
tinue to wear the brace for a year and make it even harder to go 
without it at the end of that time? Ask any lady who used to wear a 
corset constantly how it made her feel at first to do without it. 

Old Sprains of the Back 

The majority of these sprains, which have symptoms persisting far 
beyond the period when recovery should have occurred, are located in 
the lumbar region of the back — usually in the lower lumbar and in the 
vicinity of the sacro- iliac joint*. 

Symptom*.— Sprains in the cervical region usually manifest them- 
Mlve * W varying degrees of wryneck and yield more readpy to heat 
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and massage, even the massage the patient gives his own neck modes. 
Occasionally one will see persistent symptoms from such sprains where 
some form of neck brace or collar has been used for immobilization 
for. any considerable period. Such conditions will yield to beat, mas- 
sage, and graduated exercises. Sprains in the dorsal region are unenm- 
mon. Here, again, persistence of symptoms too often Is the result of 
prolonged immobilization. Therefore attention must be directed chiefly 
to these old persistent sprains in the lower lumbar region. 

Etiology. — -They are usually due to inadequate treatment during 
the acute condition wherein the patient is allowed to remain ambula- 
tory, but, because of the pain on movement, he holds his back quite 
rigid — a condition of self-protecting Immobilization. One sees a 
condition in bursitis or other acute affections about the shoulder joint 
when the patient, for the purpose of relief or protection fr om 
carries the arm adducted to the side of his body. After a few weeks 
becomes more or less fixed in this position. . 

Another cause for these old sprain cases in the back is tooprolongta 
an immobilization by treatment. The patient Is kept in bed, wi 
any effort at physical therapy, for three or four weeks; then, 
he stm has pain, a brace or a wide belt is applied which \ 

immobilization. Effort to use these back joints causes the same pa 
and discomfort that occur in any other part which Is unduly 
bMzed. 


Pathology.— There are signs and symptoms described 1?®®“ 
entiate between a sacroiliac and a lumbosacral sprain, but 
not always conclusive. The pathology in either case Is the same, > 
contraction and thickening of the joint capsule, thick emHg 
aponeurosis, foreshortening and contracture of muscles due , 
being held in the position of greatest comfort; and 
have formed at the site of the exudate and the slight bem 
which accompanied the original sprain. When dne vjsumi== ^ 
sprains in back Joints just as he does the common ankle sprawl 
then better understands the possibilities. 

Diagnosis, — These cases are often extremely difficult to 
Many of them have developed neuroses — ‘ ‘misunderstood neu ^ 
call them. The patient's suffering is misunderstood by the doexuj, 
the family who often make the patient fed that there is nor . 
wrong with him. The patient soon develops an attitude of oem*. 
understood. He wffl not talk of his condition except with 
friends, and he toon begins to search for sympathetic listeners 
gets the habit of talking about his ailment. The patient cannot 
the peculiar spasm in his back on certain movements, _ j ^ 
cannot find a cause for it, he develops secret fears and wom«, f 
unconsciously begins to exaggerate his complaints and to 
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certain signs when being examined. He cannot understand why his 
trouble persists, why he cannot be relieved, why’ his doctor cannot find 
a cause. In short, a chain of misunderstanding develops which leads to 
this rather frequent development of neurosis in back cases. 

A pure back neurosis is not common. Underneath the nervous 
phenomena are usually one or more organic conditions in the back 
which, when discovered and relieved, cause the neurosis to fade away. 

The x-ray is usually of no avail in the diagnosis of these old sprains. 

The ordinary physical findings may be of little help. Usually, how- 
ever, a systematic, careful, routine examination of ail the back, hip, 
and leg movements will show that certain ones of these are restricted 
or are causing more pain than other movements. Occasionally there are 
symptoms of a sciatica. 

Sciatica 

Sciatica, if of several weeks’ standing, will show the distribution of 
pain somewhere along its course, tenderness on palpation over the 
course of the nerve, atrophy most often in the thigh, and a weakened 
or absent Achilles reflex. Such findings are always suggestive of defi- 
nite organic changes In the lumbar region. 

Finally, I often resort to examination of these patients under anes- 
thesia In order to prove positively where and to what extent motion is 
restricted. 


Case 10. — Mr. W. came to me with a history of back disability of 
five months' standing. He was leaning over to his right lifting a aj-Ib. 
battery with his left hand when his left foot slipped from under him, throw- 
ing him tn a side-twisting movement to tbe left. He was In severe pain for a 
time, then it eased and he continued to work for the next four days. Fnrh 
day his back pained him a little more and he was a little stiffer on arising 
each morning. On the fifth morning be tried to arise and coaid not move, 
unassisted. His wife helped him from bed and be managed to dress. When 
he leaned over to pull on his shoe, a spasm of pain attacked his back and 
he could not straighten up. He was finally helped back to bed and the doctor 
was called, who had him taken to a hospital. An x-ray examination was 
made, but It showed no fracture. He remained in bed for four weeks and 
then was allowed to go home. Pain was stm present and therefore a wide 
canvas back brace with steel support* was made and he wore this constantly 
until he reported to me foor months later. For weeks this patient reported 
to his doctor's office where light treatments were given to the back. He was 
thoroughly tanned over tbe back and left thigh. At the end of two months 
he had developed pain down the left thigh and leg. This became so bad that 
he could not walk. Neither could be sit on a chair for more than 10 min. 
without shifting all his weight to hb right buttock. He was miserable and 
y* “f feIt that "folks thought he was putting a lot of it on.” He tald "I 
wwdd much rather work and make my $35x10 per week than to loaf knd 
, w 516-00 a week— what do they think I am?” He bad certain neurotic 
*igns and symptoms— a "mis understood neurosis"— -and my Interne after 
ccunlnlng this patient, toW me that be was a “neuro." ’ 
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and massage, even the massage the patient gives his cnm neck made. 
Occasionally one wiD see persistent symptoms from arch speaha wirrt 
some form of neck brace or collar has been used lor ImmoHmti® 
for. any considerable period. Such conditions will yield to heat, mi- 
lage, nnd graduated eierdses. Sprains in the dorsal region are unam- 
mon. Here; again, persistence of symptoms too often fa the nmol 
prolonged Immobilisation. Therefore attention must be directed cMmy 
to these old persistent sprains In the lower lumbar region. 

Etiology.— They are usually due to inadequate Ueatrwnt derrims 
the acute condition wherein the patient fa allowed to 
tory, but, because of the pain on movement, be holds J 

rigid— a condition of self-protecting immobilisation- toe sera 
condition in bursitis or other acute affections “bout the should ££ 
when the patient, for the purpose of relief or 1™ *?™ JT^JUksS 
carries the arm adducted to the side of bis body. After 
becomes more or less fised in this position. motored 

Another cause for these oid sprain cases in the bac 'without 

an immobilisation by treatment, The patient is kep ’ berausc 

any effort at physical therapy, for three or fnut'reeks, -.jumetl* 
he still has pain, a brace or a wide belt is applied which “Tj, 
lmrooblllration. Effort to use these back joints causes 
and discomfort that occur In any other part which Is unduly 
bUixed. 

Pathology. — There are signs and symptoms s'* 

entiate between a sacro-iliac and a lumbosacral 3 P ra r lf .^ M nie, vii-s 
not always conclusive- The pathology in either case . 0 [ the 

contraction and thickening of the joint capsule, tnjc* ^ thefr 

apooeurosls, foreshortening and contracture of mi»ci . ^hich 

being held in the position of greatest comfort; and a . 
have formed at the site of the exudate and the the 

which accompanied the original sprain. When dae be 

sprains in back joints just as he does the common 
then better understands the possibilities. 

Diagnosis.— These cases are often extremely dlf&odj \ 

Many of them have developed neuroses — “miaunder^oou ^ 

call them. The patient's suffering Is misunderstood by ^ much 
the family who often make the patient feel that there mis- 

wrong with him. The patient soon develops an attitude —pathetic 
understood. He will not talk of his condition except wi Jf arl [fl f* 
friends, and be soon begin* to search for sympathetic lor ^jplaid 
i. hahit of hi. oiim.ni The natient canno r~~ 
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The elimination when he entered my service at St. Luke's Hospital was 
negative except for slight restriction of motion on flexing the left thigh cm 
the abdomen, pain cn forcing further flexion, and tenderness over the left 
idatic nerve with definite muscle atrophy In both the left thigh and calf and 
absence of the Achill es tendon reflex. The patient localized the pain each time 
in the neighb orhood of the left articulation of the fourth and fifth lumbar 
vertebrae and from there down to the Ilium near tbe posterosuperior spine. 

This patient was given an anesthetic and examined. When both thighs were 
flexed upon the abdomen as far as possible. It was quite noticeable that the 
right thigh would flex from three to four Inches nearer the abdominal wall 
than would the left This was the only motion that seemed limited. 

Treatment of this case consisted of the following: 


MamPtdtUon .—' Rflth the patient anesthetized, my assistant flexed the 
right thigh while I flexed the left thigh as far as was possible without undue 
pressure. Tbe thighs were then alternately extended and flexed, rocking the 
patient's buttocks off the table and each time bringing both thighs as nearly 
as possible Into contact with the abdominal wall. Soon there was a sensation 
of soft crepitus or of “giving” In the left aide of the back near the fifth 
lumbar vertebra and ilium. With each rocking the left thigh came more into 
alignment with the right on complete flexion. Tbe manipulation was con- 
tinued until both thighs flexed equally. 

Those who observed the manipulation and felt the “giving” of the soft 
t biues in the small of the back agreed that we had broken up some old ad- 
hesions or had stretched thickened ligaments and muscles until the restricted 
flexion of tbe thigh bad been overcome. This procedure was done gently 
rather than forcibly (figs. 13a, 13b). 


Immediate After-care . — Tbe patient was returned to bed and large hot 
fomentations were applied to tbe back and changed every two hours. 
At each changing tbe patient turned on his stomach and a Urge hairing 
light was placed over his back. Thus there was no sudden cooling of tbe 
back. He was encouraged to exerdse his legs often and to flex them as far 
as possible. A gentle but stimulating massage wi* ghm tbe same afternoon. 
Thk treatment wax continued all night with massage the next rooming, 
followed by assisted exercises. The technician was shown the nature of these 
exercises which consisted of flexing both thighs upon the abdomen as far as 
poBlble with mild but lteady presaure made upon the left thigh to Increase 
lU flexion range. The massage included the left leg from the foot upward. 


Continued Treatment . — After the third day thk patient was taken to the 
physical therapy department In a wheel chair and there the larger baker 
f grabbed heat to hb back and leg for 30 minute* to one hour. This was fol- 
lowed by approximately one hoar of steady, ever-lncreaslng-fn-force massage. 
Assisted and active graduated exercises were then given. After a week tub 
baths of hot water for 10 minutes followed by a brisk mb and the appUca- 
* heat to the back and leg or returning to bed were added. 

Thk patient was constantly encouraged and every effort was made to 
werrotne the attitude of being misunderstood. Occupational therapy con- 
»Wing of basketry was started tbe first week. Thk bad nothing to do with 
tack muscle* but was a great mental diversion and helped materially 
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Spondylolisthesis n] ^ 

After three weeks this patient was able to sit for an hoar without pain in 
the region of his left buttock. The paio and tenderness along his sciatic 
nerve disappeared, and he could walk aboat the ward for a short distance 
without the pain’s returning. At this stage he spent an boor in the occupa- 
tional therapy workshop pedaling the Jig saw with his feet and standing at 
the work bench. 

At the end of five weeks the patient felt that he was bo much better that 
he coo Id return borne and carry out the treatment there. He left a gains t my 
better ju dg ment. He returned in three weeks with the condition aggravated 
but not as bad as at first. He has agreed to remain until cured which will 
take from 8 to 12 weeks. He is now under his final treatment consisting of 
heavy exercises, long walks, and rather heavy work hi the workshop. Figures 
14a and 14b show this pctient exercising on a rowing machine. 

This rather lengthy r£sum6 serves to illustrate the methods of diag- 
nosis, the manipulative surgery, and the physical and occupational 
therapy so often necessary to overcome these old persistent back 
sprains. Each case Is a problem unto itself and must often be handled 
in a different manner, but the physical therapy maneuvers given in this 
case, if persisted in sufficiently long, will result in a cure in most cases. 
Occasionally when progress seems to stop, further study Is necessary 
to find the cause. It may be necessary to repeat the manipulation 
trader anesthesia two or more times. Continued interest in the case and 
persistence in treatment are of paramount Importance. 

Congenital Conditions 

Congenital conditions associated with injury are most frequently 
found in the lower lumbar and sacral regions. 

Spondylolisthesis 

Etiology. — Spondylolisthesis, or an anatomic slipping of one verte- 
bra on another, may be congenital or the result of trauma. Great atten- 
tion has been paid of recent years to the abnormally acute angle 
formed by the fifth lumbar and the first sacral vertebrae. At times this 
Is so marked that all the weight of the trunk seems to rest upon the 
vertical sacro-Dlac joints and very little support is offered between the 
fifth lumbar vertebra and the sacrum. Usually in these cases there is a 
more marked lordosis in the lumbar region. A condition of hyper - 
lordosis may result In a gradual stretching of the ligaments in this 
region, and when some sudden torsion or rotation strain occurs as the 
result of a mild or severe trauma, the symptoms of a strain or sprain 
of the lumbosacral region develop. This abnormality is often asso- 
ciated with faulty posture. The slight lifting or the sudden turning 
^hich (a blamed for the condition is usually only the “last straw,” the 
real rai ise being the congenital condition, the faulty position, and the 
yean and years of continued strain exerted upon this joint. There is 
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should then be put at rest on a firm, straight bed with Increasing 
amounts of firm pillows added to the lumbar region to preserve the 
benefits of the manipulation and gradually to increase the lordosis. 

Continuous heat, dally massage, and graduated exercises should be 
added to the treatment of manipulation. The effort should be made to 
relieve the pain, cure the sprain, and restore the patient to normal if 
possible without resorting to immobilization and support. 

In older Individuals the fbdty of the Joints and soft tissues may pre- 
vent correction, and the only relief may come from back support by a 
suitable brace. 
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no wonder that complicated questions arise in these cases, when com- 
pensation Is Involved, considering the insignificance of the allfgrd 
accident as a causative factor as compared with these other cocditiocj 
in no manner related to the accident. 

Treatment. — The treatment of such an injury should be npcc the 
same principles as those laid down for lumbosacral sprains — rest, belt, 
m assage, and very carefully guarded and graduated exercises. Grot 
attention should be given to the exercises aimed at correcting faulty 
posture. Many of these cases are far advanced in years before the joint 
finally weakens and the "last straw” force lays them low. Often the 
back pain will persist in spite of all that can be done, and relief b 
secured only by wearing of a suitable support Such a support should 
aim at the correction or the support of the “pot beUy” as well « the 
Immobilization of the lumbosacral region. 


Flat Back 


Flat back, or a loss of the lumbar lordosis, usually shows an ab- 
normal lessening of the lumbosacral angle. The condition receives very 
little consideration and yet it may cause even more marked disability 
than the hyperlordosis. Individuals suffering with It tend to rower 
strains or sprains more readily. The mechanism for correction is the 
same as for the opposite condition (Fig. 15). 

IHagnoala. — Patients with a flat back can usually be recognised by 
inspection which will reveal the characteristic flatness of this 
when they lie upon a flat table, all the lumbar spinous processes ns* 
on the table; the characteristic movements of this region are lost, 
example, on flexion and extension, the lambar spines seem to move 
one bone somewhat similar to a poker bade, and finally, these ptnen 
cannot increase the lordosis by r aisin g their bodies from the table 
the weight resting upon the shoulders and feet, with the lower legs 
flexed. 

In the absence of all other physical findings and of negative x-^yb 
if an Individual shows these characteristic signs of flat back, one sWcj 
suspect a sprain aggravated by this congenital condition. 


Treatment — In younger individuals manipulations, owalb' ^ 
peeled at Intervals and, If necessary, given under an anesthetic, 
beemployed. The purpose Is gradually to lift upward on the lu , 
vertebrae and endeavor to Increase the lordosis. With each n**“ 
lion the same flerfon of the thfghs upon the abdomen and the >wt™ 
of the back museles, ligaments, and adbesfons should be erapW”*’ 
described for manipulations In sprains of this region. Tbe pat*”' 
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should then be put at rest on a firm, straight bed with increasing 
amounts of firm pillows added to the l um bar region to preserve the 
benefits of the manipulation and gradually to Increase the lordosis. 

Continuous heat, daily massage, and graduated exercises should be 
added to the treatment of manipulation. The effort should be made to 
relieve the pain, cure the sprain, and restore the patient to normal if 
possible without resorting to immobilization and support. 

In older individuals the fixity of the joints and soft tissues may pre- 
vent correction, and the only relief may come from back support by a 
suitable brace. 
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Sackauxed Firm Luxibab Vxktebsa 

This is not an uncommon anomaly. It is seen in a great number of 
caws x-rayed for other conditions, and fa the vast majority of these 
absolutely no symptoms oi discomfort or disability can be eBritcd 
in other cases, however, fa which there is backache, and in which the 
pi ?r Ure s ^ imvs ^ defect, we are probably too prone to attribute 
the trouble to an impinging fifth transverse process. Unquesdaably 
fto injuries to the back in which these do play a part There tie 
probably other cases of low back pain not related to injury that can- 
not be explained upon any other basis. 

Pathology. — This congenital condition generally shows a sacrum 
set low between the Ilia with one or both fifth transverse processes 
Impinging upon the sacrum. Usually one of the fifth transverse proc- 
esses is widened and sometimes irregular fa form and lies in dose appo- 
rtion to the sacrum cm that side. At times a definite articulation may 
be seen between the two. 


. ^ ol °gy- — Injuries to this region may occur fa many ways. A re- 
striction of motion due to the enlarged process most exist with *n 
imbalance between the two sides which conceivably could make the 
opposite side more prone to strain. A sudden torsfon or lateral Sedan 
o the body toward the side of the anomaly could cause a bruising o' 
toe process or the sacrum; a pinching or contusion of the soft tfssoe» 
lying between; a traumatic arthritis if an articulation had developed 
two - * am convinced that I have seen several cases to 
ich the entire trouble was due to this congenital condition combtoed 
with an injury. 

Mennefls in a recent book entitled Baciickt, describes a pa*® 1 
. S 'S n i d “ tojuty to his back and fa whom the x-ray faW 
j Possibility of an impinging fifth transverse process The 
patient died of a pulmonary hemorrhage during the course of (real' 
folk IKS- dMcrib “ u * Endings at the autopsy and his condtatora *> 

amwS ‘r U “ 'T'ssy of Dr. Weir, who performed the postm*'®”' 
Thb^rfnij!!! “hie to turn my attention to lie lumbosacral 

"iri 1 <®re, and found that certain movements «[ “* 
Jkbi edge of a chisel to be ao firmly nipped M*™?* 
,7 Z'JiL'?!#' 6 transrerae proven and the top of the rat™” 
Ial^ohn’lSvt'tI 0 a WltMraw 11 ’'fthott the exerds? of extreme farre- : bj 
tta £ <fc " a " i bttw » this transverse process and the t «P * 

I,,* 1 “Ke became obvious that pbra this movement va 
*° ft «nmtura.lSw^’<L trausverae pcec«^ 
rycofnlMTrt mus * luve **« pinched very tarreh'- 

“"’•nation of thSl^lral during life 
the sitting pent®, rotation of the trank In iTe direction ™ pslttkss. whSe 
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rotation in the other direction greatly augmented the symptoms of which 
he was complaining, particularly when the trunk was inclined backward. 
Moreover, the fact was quite definitely established that only rotation In the 
one direction had this effect, and the whole of the rest of the examination, 
which has been previously explained, was completely negative. So, too, on 
postmortem examination it was only the one movement which caused the 
nipping between the transverse process and the sacrum — a nipping which it 
was quite impossible to secure on the oppcrite side in any position. 

Of course there is always the danger of basing an opinion on the examina- 
tion of any one case, but when yean of experience in dealing with an Im- 
mense mass of material lead to entire change of opinion, and when the one 
case in which examination was possible entirely confirms the d t n i ca l experi- 
ence on which this volte-face was based, the value of this one case Is 
materially enhanced. It Is unlikely that an opportunity of repeating the 
Investigation will occur; and, from a technical point of view, the occurrence 
of even this one r-m^ must be regarded as a piece of extreme good fortune. 

The question will, of course, be raised how this particular patient, whose 
life had been spent in ordinary, laborious work, had been able to carry on, 
year after year, without symptoms, In spite of the fact that this enlarged 
transverse process had undoubtedly existed throughout his working years. 
If we are to attribute the symptoms from which he was suffering to the 
presence of this transverse process, there can be only one possible explana- 
tion, which b as follows: 

The ligaments connected with the lumbosacral Junction are of a com- 
plexity and a strength which can be described only as Immense, and It is to 
be presumed that these ligaments are so arranged that, in ordinary life, 
movement to an extent which will allow the production of symptoms r» 
prohibited. Thus, as' long as these ligaments remain Intact, unstretched, and 
uninjured, an Individual can carry on free from symptoms, in spite of 
structural abnormality. When, h em e v er, as the result of acddent, undue 
strain b thrown upon these ligaments, a stretching, which only adds an 
Infinitesimal amount of mobility to the joints, may none the less be sufficient 
to allow Just enough mobility of the tip of the transverse process to cause a 
nipping of the soft structures, and thus to produce symptoms. 

The abnormality may be suspected as the cause when pure rotary 
movements to one side or the other increase the pain in this locality. 
When this congenital anomaly is present, in the absence of other find- 
ings, it should always be considered In the fight of a causative factor. 
The following case is illustrative: 


Case xi. — C. F., aged 40, was thrown backward by a sudden Jerk of a 
train and struck his back forcibly against a stove. He was twisted sideways 
»nd the small of the back was bruised. He was taken to a local hospital 
™^e an x-ray picture was made but he was told there were no fractures. 

*** ‘trapped, and be was allowed to go borne. Symptoms Increased 
T" j* couI . d not move his back without excruciating pain. He reported to 
the doctor or ‘Tight treatment,-' and after three weeksTstrong wTbra^ 
for wbkh he wore constantly, sleeping In It for the first 
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Sacralized Fifth Lumbar Vertebra 

This Is not an uncommon anomaly. It Is seen In a great number of 
case* x-rayed for other conditions, and in the vast majority of these 
absolutely no symptoms of discomfort or disability can be dialed. 
In other cases, however, in which there is backache, and in which the 
x-ray picture shows this defect, we are probably too prone to attribute 
the trouble to an impinging fifth transverse process. Unquestionably 
there are Injuries to the back in which these do play a part There are 
probably other cases of low back pain not related to Injury that can- 
not be explained upon any other basis. 

Pathology. — This congenital condition generally shows a sacrum 
set low between the ilia with one or both fifth transverse processes 
impinging upon the sacrum. Usually one of the fifth transverse proc 
esses Is widened and sometimes irregular in form and lies In dose appo- 
sition to the sacrum on that side. At times a definite articulation may 
be seen between the two. 

Etiology. — Injuries to this region may occur in many way* A 
stricti on of motion due to the enlarged process must exist wi 
Imbalance between the two sides which conceivably could 
opposite side more prone to strain. A sudden torsion or lato’ai 
of the body toward the side of the anomaly could cause a bru b 
the process or the sacrum; a pinching or contusion of . 

lying between; a traumatic arthritis if an articulation had 
between the two. I am convinced that I have seen s ^y^ ra V. 
which the entire trouble was due to this congenital condition 
with an injury. , ^tfcnt 

MenneD, 1 In a recent book entitled Backache, describes PV 
who suffered an injury to his back and in whom the x-ray^ 
suggested the possibility of an impinging fifth transverse f ir0C ( rv 5 j re jt- 
patient died of a pulmonary hemorrhage during the courW , 1 *j 
menL He describes his firming* at the autopsy and ms conciusi 
follows: 

Thanks to the courtesy of Dr. Wdr, who performed the 
amtnation, I was able to turn my attention to the J ^ 

This we dissected out with care, and found that certain ^ 

trunk caused the thin edge of a chisel to be so firmly nipped t hat 

tip of the elongated transverse proctB ipd ffP ?' J£L_ font. No 
it was impossible to withdraw it without the exercise of eitr °T th . tn p of 
false joint could be detected between this transverse process **s 

the sacrum, and It at once became obvious that, when this and 

performed during life, the soft structures b e tween the traIg vgT ^ L most 
the top of the sacrum must have been pinched very jjjjt, in 

prominent point in the examination of this patient during Ule wp 
the sitting position, rotation of the trunk In one direction 
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ngc, which was Increased gradually In force. After two weeks when pain 
bad been eliminated he went to the physical therapy laboratory foe the same 
treatment pins graduated exercises. Within four weeks he was working In the 
occupational therapy department — work w h ic h necessitated bending to the 
left to pick up objects (Fig. 16). 

He his recovered for the time being, but probably some rather trivial 
accident will cause another attack. In these cases there are other lines of 
treatment which are advocated. 

Treatment. — Operative treatment is advocated by several good sur- 
geons who advise the removal of the offending transverse process. 
Some good results have been reported. On the other hand, I have seen 
two patients who had been operated on, and yet both of them had con- 
tinued trouble. Personally I believe operative treatment should be lim- 
ited to only a very few cases, these to be chosen from younger indi- 
viduals who fall to react to proper physical therapy management. 
After operation the same physical therapy treatment must be given to 
insure complete recovery. 

Immobilization by a supporting or fixation brace to prevent the 
movements which cause pain may also be adopted. If the brace is to 
be eliminated finally, most cases will need careful physical therapy 
management 

Spena Bifida 

Spina bifida is a congenital condition quite frequently seen in x-rays 
taken because of complaint of back pain following some injury. As 
a rule the condition is simply noted, but no connection with the injury 
is considered. Mean ell calls attention to the fact that occasionally the 
upturned incomplete spinous process of a spina bifida may lie dose to 
the adjoining vertebra and that soft tissues may be pinched between 
these on certain movements. 

The frequency with which this condition, as well as other anomalies, 
is found in the lower back, in Injury cases compared with the infre- 
quency of their findings in x-rays for other conditions makes one con- 
jecture on the probability of inherent wea k n es s In the spine due to 
spina bifida as a predisposing cause to trauma. 

Spinous Process Anomalies 

Bifurcated spinous processes may cause pain by catching a ligament 
or by locking on certain movements. Occasionally they may be so an- 
gulated as to impinge on the adjacent spinous process. Mennell again 
points out that this latter condition may cause a pinching of soft tis- 
sues on certain movements. 

The treatment recommended by Mennell for these conditions Is the 
rearing of a bdt with a plate fitted to the region of the spine to 
prevent overextension, the movement which usually causes the pain. 
One should consider operative removal of the offending spinous process! 
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month. In spite of this treatment his disability continued Whenever he left 
the brace off, the psto and discomfort would grow mne. 

He was referred to me after seven months of this continued trouble. Ex- 
amination showed a muscular, well -built man of some 140 lb n with no 
extra tat He wore a hack brace and walked carefully, its though pretetfeg 
his back against Ur. He could flex forward almost normally and withect 
complaint of pain. Extension of his back developed pain slightly ibex wd 
Internal to the McrodUac Joint Lateral flexion and rotation to the left 
caused definite pain. The thighs could be flexed upon the abdomen equal ly, 
yet extreme flexion of the left thigh gave pain. Kernigb sign was not preset* 
and there was no sciatica. Examination of the back showed no defonratr. 
Palpation with the finger tips showed a sense of tenseness or spastidty m 



Fm. 16. Pbotofrapb «t C. F. (Ci at nf workU* In the octUT*h«*i tbmpy 

nKQt; Lticx t rl M*. 


the mwein of the left ihtc .. compared with those of the right, ,-^tlvr 
coold be Increased by movements which caused pain. Tender nr 
no 2? s cnu ^ felt fn the muscles of the left aide of the low bfex. #Tr , ( i T 
The i-ray showed the sacrallsed fifth lrnnhar vertebra with « P^. 
widened tranme process on tie left al ahown In Figure a. it *” 
ra “ * rtl «delloo between the praters and the sacrum. 

Diagnosis waa a braise of this anomalous articuUtkei with 3 ( , 

arthritis plus comractfn, of the ligaments, musdes, and nponenmsB n 

n*^Td_l_mraobmsalJi)n and disuse. . ^ ^ 


rroteiBed Imraubniaallon and disuse. .. ^ 

Treatment rambled of pUr/n, this patent In the hosplul 
fn a firm, straight bed and was given oxrtimious beat and gentle WT c ” r 
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held firm and almost rigid, knees straight, and feet straight or toed in. 
A full-length mirror should be installed in the treatment room, and 
these patients should be drilled in front of it untQ they haw this 
proper posture firmly fixed in mini In the presence of strained or 
sprained back the acute condition must be relieved, and graduated exer- 
cises leading up to the postural exerdses should be used (Cole and 
Brown, VoL HI). 

Flatkezt 

Flatfeet may be the basis of certain faulty postures or of imbalance 
underlying the painful back. With this as a predisposing cause a slight 
injury may excite the back trouble. 

I have had several cases of persistent disability from alleged in- 
juries referred to me for reconstructive treatment whose condition 
was relieved by massage and exercise of the feet combined with rest. 
A very good exerdse for the feet is walking on the toes in a pigeon- 
toed position. Flat/oot Is considered at length by Lewin (VoL II). 

OSTEO-AKTHKITIS 

Os ten- arthritis of the spine is so frequently found associated with 
an injury that one’s Ingenuity and judgment are taxed to determine 
whether the injury plays a part in the trouble or whether It is solely 
due to the arthritis. 

Etiology. — Injuries to the joints of the back can produce an acute 
traumatic arthritis just as can injuries in other joints. Repeated trau- 
mas In time may lead to a hypertrophic arthritis. Probably a severe 
Injury, such as a compression fracture, may be accompanied with some 
definite damage to the articular surfaces, and such a joint may more 
readily be subject to arthritis. 

Unquestionably when the “spring” is gone from the feet and one 
becomes consdous of pounding his back joints when walking on a hard 
pavement, one is in a potential position to develop a type of traumatic 
arthritis. The repeated trauma to the back which is the result of hard 
work in faulty positions, as in mining, in time results in osteo-arthritis. 

Overlifting, a sudden twist, the jerk of a train, a fall, or a similar 
rafid trauma in such an individual will result in a disabling back con- 
dition. The patient frequently has never been disabled and has never 
been consdous of the arthritis. To convince him that he has a diseased 
condition and that the injury played no part in it is Impossible. In 
fact, one must in fairness say that in the majority of these cases the 
mjury, although trivial, aggravated or exdted a latent arthritis. 

Treatment — The treatment of arthritis Is dealt with at length in 
other chapters. These cases, however, must be put at rest during the 
*cule stage and beat should be applied to relieve the pain. Dry beat 
*uch as an electric pad, a baker, or an fnfra-red lamp, Is best. Traction 
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I have find one case of fracture of the fourth spiDous process what 
the signs and symptoms were quite similar to a so rain -fracture about 
other Joints. Rest, immobilization in a firm, straight bed, with beat, 
massage, and graduated exercises after four to six weeks, were the 
forms of treatment followed. 


Injuries or the Coccyx 

Congenital anomalies ore common in th is bone. Fractures and dis- 
locations of the coccyx ore exceedingly difficult to diagnose, Tte x-ray 
of the normal coccyx in a large number of cases shows aD kin® or 
variations in the position of the coccyx. Thus Potter ataha mat 
will seldom give an opinion relative to a dislocation of tins 
Fracture lines may occasionally be demonstrable. 

The history of a fall or blow directly on the coccyx to 110 ***?? 
symptoms is far more suggestive. Old cases of long standing whhp®?* 
ful coccyx dating from such an injury often develop such rare *#* 
scure symptoms that one is prone to say that the patients are 
tbenic. . i_-j 

Early manipulation of the coccyx with the index fi i n 8 er r _, c ^' i^ r y 
In the rectum and the finger of the other hand pressed again* 
of the coccyx will sometimes give miraculous results. 

All cases of continued pain and especially pain on mo ^ 

after sitting for any length of time should receive 
therapy before operative removal of this bone Is cof “ ( ^r, T ^ 
(In this case, heat In the form of diathermy) will usualty r« ^ 
pain temporarily. Heat should be followed by massage- A ^ 
treatments of this nature, manipulation of the coccyx s P oa , lm T na t ct j, 
to see If the painful condition cannot be permanent! com 
After several attempts have failed, then the surgeon is justm nl> ^. 
sidering operative removal. Physical therapy, especially heal 
sage, should follow the operation. 

Postukal Conditions Associated with lNJu» r 

Faulty posture, especially the relaxed type — the headatded^^ 
ward, the neck markedly flexed, a somewhat hollow ch* 51 ’ t 

round back, the “pot belly’' with relaxed abdominal museto, {eel 
marked lordosis In the lumbar region, knees slightly benb 
turned outward — is characteristic of weak back. When 
vidual suffers even a trivial injury, he develops a strain* 0 
sprained back that is very persistent. ^^redioc of 

Any treatment of these cases that does not aim at the 
the faulty posture Is usually doomed to faff. The strain or 
be treated as already outlined. , tU , r W*, 

In addition, these patients must be drilled to bold up tnm ^ 
chin drav slightly In, hack erect, abdominal muscles sucked 
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Heat, either moist or dry, and even diathermy may be used to aid 
in the absorption of these blood collections. Later massage consisting 
of gentle stroking In the direction of the venous flow will be of great 
assistance. Seldom Is It necessary to incise and evacuate the large blood 
clot, although in certain cases this may be advisable. 


Burns 

Boras of the back are difficult to treat because they are often ac- 
companied by burns on the abdomen and It is hard to keep the patient 
off his back. It is equally hard to prevent soiling and infection in the 
low back bums. 

Tannic add treatment may be indicated. Often these cases do better 
under open air and light treatment. The patient Is placed on his ab- 
domen, a sterile tent is made over the bed, and heat is applied to the 
back by a large electric light bulb. The temperature in the tent is 
maintained at 76 to 8o° F. (244 to 26.6° C.). Such a patient can 
be lifted from the bed and suspended fn a tub of warm water to soak 
away the crusts. This form of hydrotherapy is dealt with by Blair 
and Brown (VoL II). It can be repeated two to four times per day. 
Ultraviolet treatment of the scars followed by massage Is indicated 
if excessive scarring occurs. 


Sensitive Nodes 

In many cases of old back injuries as well as in persistent back pain 
from posture, disease, or other cause, we frequently find on careful, 
gentle palpation small, slightly movable tender nodes which seem to lie 
in the muscle or fascia. These have been called “fibrosidc deposits," 
“myo fascitis,” and by similar descriptive names, indicating that they 
are changes In the muscle or fasda. 

For several years I Have noted and have called my colleagues’ atten- 
tion to small sensitive nodes under the skin in many of these chronic 
back cases. A peculiar phenomenon in connection wfth these nodes is 
their tendency to disappear on persistent palpation. Thus one feels the 
node, moves it around, palpates It for a time, and then it seems to dis* 
appear. I have called one or two of my associates to examine such a 
node. Perhaps by the time the third doctor starts to feel it the node is 
no longer present. Technicians have noticed ttese ‘Tcnotted muscles" 
disappear under their m assage. A similar phenomenon is often noticed 
m palpating a spastic colon. After it has been rolled several times 
nnder the examining finger the bowel seems to relax and can no longer 
be palpated. A more acute condition is seen In “muscle cramp” when, 
in the calf of the leg especially, a hard knot, excruciatingly painful 
appears. It Is often relieved only by massage or by bearing weight upon' 
•be leg, when it suddenly disappears. 
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ia often a useful measure. Very gentle stroking massage should be 
given dally. Only such exercises as flexing and extending the lower 
legs are all these patients can stand in acute cases, but as the acatcnea 
subsides, the force of the massage is increased, and assisted exercises, 
such as helping the patient to lift the shoulders or placing the band 
under the buttocks and having the patient contract the moscltt as 
though lifting his back from the bed, are added. Great attention must 
be paid to the bed during this stage. It should not sag or cause faulty 
posture positions to develop. As soon as possible, bring flexion tod 
lateral motions and ext ensi on into the exercises and continue the beat 
and massage. Diathermy may now be found an excellent method of 
giving the heat. That method of applying heat whlch'givea the greatest 
relief of pain Is best. Many methods may have to be tried, but the 
treatment must be persisted In until the patient has again returned to 
that painless, quiescent stage of arthritis which existed prior to the 
Injury. 

General treatment must not be neglected. Every arthritic patieat 
has a pitcher of lemonade at his bedside and he is urged to drink xt 
least two quarts in the 14 hours. Aspirin, sometimes combined with 
pyramid on, is used to relieve pain. Effort must be made to build up the 
general condition of the patient. 

A certain number of these cases will not be relieved by this rfgune. 
Immobilization of the back in a specially made back brace may be the 
only means of allowing such a patient to become ambulatory. However, 
before the back is hnmobiHxed in a brace, every effort should be e©* 
ployed to prevent the contraction and disuse of the muscles, the thl ' 
ening of the joint capsules and ligaments following the synovitis oi 
acute condition, and the painful stiff back. Certain cases will gradu- 
ally become quiescent in a brace and the brace can then be chrnins » 
but many arthritic patients who must wear a brace will be 6010 
Invalids. 


Tuberculosis or Malignancy 

Injury may be the first Indication of tuberculosis, a malignancy (P*^ 
mary or usually metastatic), or other diseased condition of the ipu^ 
rne treatment of these conditions is dealt with in other chapters- 


Injuries to Soft Tissues of Back 

Hematomas may develop In tie back ami may be of extremely 'tons' 
wT d 2!? i ‘ e <UMbUn S- I have mn several cases of fractures tot* 
, "tf 0 " "d •" rrlth fracture, of the pelvis develop tors' 

" d fl "*- ^ of the* cases aspiration of 
’Z Wal bmdml ™Uc eerftimetera of Woody J} 

% sr& ££ ra,,m had to * “« uroo at Wft ^ 
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Heat, either mcdst or dry, and even diathermy may be used to aid 
in the absorption of these blood collections. Later massage consisting 
of gentle stroking in the direction of the venous flow will be of great 
assistance. Seldom Is it necessary to indse and evacuate the large blood 
clot, although In certain cases this may be advisable. 


Burns 

Bums of the back are difficult to treat because they are often ac- 
companied by bums on the abdomen and It is hard to keep the patient 
off his back. It Is equally hard to prevent soiling and infection in the 
low back bums. 

Tannic add treatment may be indicated. Often these cases do better 
under open air and light treatment. The patient is placed on his ab- 
domen, a sterile tent is made over the bed, and heat is applied to the 
back by a large electric light bulb. The temperature in the tent is 
maintained at 76 to 8o° F. (244 to 26,6° C.). Such a patient can 
be lifted from the bed and suspended in a tub of warm water to soak 
away the crusts. This form of hydrotherapy is dealt with by Blair 
and Brown (VoL II). It can be repeated two to four times per day. 
Ultraviolet treatment of the scars followed by massage is indicated 
if excessive scarring occurs. 


Sensitive Nodes 

In many cases of old back Injuries as well as in persistent back pain 
from posture, disease, or other cause, we frequently find on careful, 
gentle palpation small, slightly movable tender nodes which seem to lie 
in the muscle or fascia. These have been called “fibrositic deposits," 
“myofascitis,” and by similar descriptive names, Indicating that they 
are changes In the muscle or fascia. 

For several years I Have noted and have called my colleagues’ atten- 
tion to small sensitive nodes under the skin in many of these chronic 
back cases. A peculiar phenomenon in connection with these nodes is 
their tendency to disappear on persistent palpation. Thus one feels the 
node, moves it around, palpates it for a time, and then it seems to dis- 
appear. I have called one or two of my associates to examine such a 
node. Perhaps by the time the third doctor starts to feel it the node is 
no longer present Tec hn ic ian s have noticed these “knotted muscles” 
disappear under their massage. A si m ilar phenomenon is often noticed 
in palpating a spastic colon. After It has been rolled several times 
under the examining finger the bowel seems to relax and can no longer 
be palpated. A more acute condition is seen in “muscle cramp” when, 
in the calf of the leg especially, a hard knot, excruciatingly painful 
appears. It is often relieved only by massage or by bearing weight upon 
(he leg, when it suddenly disappears. 
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' Etiology. — One conjectures concerning these more chronic sensilivt 
nodes which are felt in the lower back and ore often present in the 
muscles of the back of the neck and frequently in the lower extremi- 
ties. Is it not possible that they are spastic muscle bundles or mode 
fibers and that all these phenomena are more or less due to the same 
causes? We see spastic colons in nervous, highly strung, tense indi- 
vidual a. Often there is a history of worry, phobias of various kinds, and 
fatigue due to all work and no play. There is bowel dysfunction which 
may cause the local fatigue. In the acute muscle cramp, fatigue is oft® 
present, and it is very common in the pregnant woman who is heavy cc 
her feet. Hunters sometimes get it at night after a hard tramp 
in the woods. Imbalance due to flat foot or changing from , 

to low heels may cause it. Frequently it is noted after long penoas 
stress and great fatigue. . , . 

In the more chronic, localised sensitive nodes in the injured _ ^ _ 
have the fatigue of dysfunction in the muscles, the worry and n 
ness over the condition, the fatigue of bolding the back more 
rigid, and the lack of 'exercise; often the patient Is a highly 
individual. . . , 1 1 , 

Usually the condition is ascribed to a toxic or infectious origin , . 
designated as a myofasdtis. It is mentioned as an Indication . 
flushing to rid the body of these tcwdc substances, but In myop 
there is real evidence which points to the possibility that ““ rt- 
fs due to fatigue poisoning or the dysfunction of the local 
' to a small muscle bundle due to local or general fatigue. 

Fatigue. — Fatigue is thought of in connection with hard 
“Dead tired” at night from a hard day’s work involving 
cular activity Is a healthy condition, as a rule, but fatigue . ^ 
from great tension as seen In the high-powered cxe ^“' T '. {Q^jing 
tensed, nervous woman worn out by the cries of the o9Jjy, . ^ 
of the older children, and the housework, or fatigue due to P*" 
comfort, holding one’s back rigid to get a little respite it 
these continued over days and weeks can be a very unneai y 
of fatigue. p 

Individuals with fatigue of this kind can develop 
backacbe. The colon can be palpated usually in the left 1 ]f{ j 

rant- The sensitive nodes herein described can likewise 
in the case of backache. Cure the one by rest and change tfua ]K- 
release the tension, and establish healthy exercise, and you 
cure the other. Perhaps colonic flushings help, but I have s*™ d|y 
cured without them by developing a health regime, correatw , 
posture, relieving the causes for worry at home or at 
plying heat and massage to the sensitive area in the back o 
or low back. ^ft 

Eight yean ago I developed a lame back and pain down 
«datic nerve. I was treated with intermittent heat and mass^ 
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only temporary relief. Finally I had my teeth x-rayed and took the 
films to Dr. Thomas Gilmer, positive that two of my teeth had better 
come oat. Dr. Gilmer was on the same hospital staff and knew that I 
had been working very hard and under great tension. He asked relative 
to my last vacation and how much exercise and play I was getting. It 
had been a year since I had had a short vacation and I had almost for- 
gotten how to play or exercise. Instead of pulling the teeth be gave me 
t valuable talk on fatigue and fatigue poisoning from prolonged high- 
pressure work and suggested that a vacation would cure the back and 
leg trouble. The next week, accompanied by my wife, I started for 
Seattle. The first morning we left our sleeper for 15 minutes at Minne- 
apolis and walked up and down the platform. I felt very peppy and 
finally my wife asked concerning my backache. To my surprise both 
the backache and the tendency toward sciatica had disappeared and 
never returned except years later when I again became ‘'tensed up” 
with overwork. This was not neurosis — it was simply relaxation and 
getting rid of chronic fatigue. 

Let an Individual prone to these sensitive nodes sustain an injury 
ever so trivial and frequently be develops a chronic traumatic back; 
or let one suffer a sprained back and go for weeks with the back held 
rigid by a protective muscular tension or lie in bed without exerdse or 
massage and he will develop these sensitive nodes. Thus they play a 
very important r&le both in diagnosis and in treatment 

Diagnosis. — When located In the back of the neck, they are felt 
just lateral to the cervical spines and are usually superficial, although 
deep palpation may be necessary to feel them. At tiroes they occur in 
the supraspinatus muscle or over the scapula. They are often mis- 
taken for glands. They are sensitive to pressure, are usually accom- 
panied with a sense of soreness or slight stiffness in the neck, and often 
cause a low-grade ocdpital headache. They usually soften and disap- 
pear under massage but may return again In a short time. A mild form 
Is that found in tired business men who notice the tense, sore feeling 
In the neck after going to bed and who are frequently relieved when 
the wife rubs the back of the neck for a short period. 

When these occur following Injury or in cases of long Illness, regular 
periods of application of heat followed by at least 30 minutes of rhyth- 
mic, stroking massage and then kneading massage will relieve the con- 
dition. The treatment must be persisted In until the relief is permanent. 

In the small of the back these sensitive nodes are most frequently 
felt in the gluteal regions just outside the sacro-fliac Joints; in the 
erector spinae muscles, near their outer borders and opposite the fourth 
and fifth lumbar vertebrae or just lateral to the spinous process of the 
fint lumbar vertebra. Often a sensitive area Is felt near the sciatic notch 
and similar sensitive nodes are usually present in one or both legs. 
The commonest site In the leg is at the upper margin of the calf about 
one Inch from the inner side and two inches below the head of the tibia. 
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Etiology, — One conjectures concerning these more chronic sensitive 
nodes which are felt In the lower back and are often present in the 
muscles of the back of the neck and frequently In the lower extremi- 
ties. Is it not possible that they arc spastic muscle bundles or tnmde 
fibers and that all these phenomena are more or less due to the same 
causes? We see spastic colons fn nervous, highly strung, tense indi- 
viduals, Often there fs n history of worry, phobias ol various kinds, and 
fatigue due to all work and no play. There fs bowel dysfunction which 
may cause the local fatigue. In the acute muscle cramp, fatigue Is often 
present, and It Is very common in the pregnant womnn who is heavy on 
her feet. Huntcre sometimes get ft at night after a hard days ' 

In the woods. Imbalance due to flatfoot or changing from highj*® 
to low heels may cause It. Frequently it Is noted after long penoos 
stress and great fatigue. , , 

In the more chronic, localized sensitive nodes In the injured “fV 
have the fatigue of dysfunction In the musdes, the worry flDd ne 
ness over the condition, the fatigue of holding the back more 
rigid, and the lack of cxerdse; often the patient Is a highly 


individual. . , , iN ,l 

Usually the condition is ascribed to a toxic or infectious °“£ n , ( 
designated as a myofasdtis. It Is mentioned as on Indication ,of . , 
flushing to rid the body of these toxic substances, but In myop 
there Is real evidence which points to the possibility that this _ 
fa due to fatigue poisoning or the dysfunction of the local 
to a small rausdc bundle due to load or general fatigue. 


Fatiouz. — Fatigue fa thought of fn connection with hard' 
“Dead tired” at night from a hard day’s work involving m 
culor activity fa a healthy condition, as a rule, but fatigue . ^ 
from great tension as seen In the high-powered fussing 

tensed, nervous woman worn out by the cries of the baby, ^ 
of the older children, and the housework, or fatigue due to 
comfort, holding one’s back rigid to get a little respite ifhvtvpe 
these continued over days and weeks can be a very uone* 1 j 
of fatigue. , or 

Individuals with fatigue of this kind can develop a ^ad- 

backache. The colon can be palpated usually in the left wwti . 
rant- The sensitive nodes herein described can likewise w 
in the case of backache. Cure the one by rest and change 
release the tension, and establish healthy exercise, and you 
cure the other. Perhaps colonic flushings help, but I have f_olty 
cured without them by developing a health regime, cofrec T D ^ nt j *p- 
posture, relieving the causes for worry at home or at wor > 
plying heat and massage to the sensitive area in the back oi u*- 


or low back- 


left 


Eigbt years ago I developed a lame back and pain *** 
sciatic nerve. I was treated with intermittent best and mass*** 
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only temporary relief. Finally I had my teeth x-rayed and took the 
film* to Dr. Thomas G ilmer , positive that two of my teeth had better 
come out. Dr. Gilmer was on the same hospital staff and knew that I 
had been working very hard and under great te n sion. He asked relative 
to my last vacation and how much exercise and play I was getting. It 
had been a year since I had had a short vacation and I had almost for- 
gotten how to play or exercise. Instead of pulling the teeth he gave me 
a valuable tnTV on fatigue and fatigue poisoning from prolonged high- 
pressure work and suggested that a vacation would cure the back and 
leg trouble. The next week, accompanied by my wife, I started for 
Seattle. Tbe first morning we left our sleeper for 15 minutes at Minne- 
apolis and walked up and down the platform. I felt very peppy and 
finally my wife asked concerning my backache. To my surprise both 
tbe backache and the tendency toward sciatica had disappeared and 
never returned except years later when I again became '‘tensed up” 
with overwork. This was not neurosis — It was simply relaxation and 
getting rid of chronic fatigue. 

Let an Individual prone to these sensitive nodes sustain an injury 
ever so trivial and frequently he develops a chronic traumatic back; 
or let one suffer a sprained hack and go for weeks with the back held 
rigid by a protective muscular tension or lie in bed without exercise or 
massage and he will develop these sensitive nodes. Thus they play a 
very important rflle both in diagnosis and in treatment 

Diagnosis. — When located in the back of the neck, they are felt 
just lateral to the cervical spines and are usually superficial, although 
deep palpation may be necessary to feel them. At times they occur In 
the supraspinatus muscle or over the scapula. They are often mis- 
taken for glands. They are sensitive to pressure, are usually accom- 
panied with a sense of soreness or slight stiffness in the neck, and often 
cause a low-grade occipital headache. They usually soften and disap- 
pear under massage but may return again in a short time. A mild form 
is that found in tired business men who notice the tense, sore feeling 
in the neck after going to bed and who are frequently relieved when 
the wife rubs the back of the neck for a short period. 

When these occur following injury or in cases of long illness, regular 
periods of application of heat followed by at least 30 minutes of rhyth- 
mic, stroking massage and then kneading massage will relieve the con- 
dition. The treatment must be persisted in until the relief is permanent. 

In the small of the back these sensitive nodes are most frequently 
frit in the gluteal regions just outside the aacro-fliac joints; in the 
erector splnae muscles, near their outer borders and opposite the fourth 
and fifth lumbar vertebrae or just lateral to tbe spinous process of the 
first lumbar vertebra. Often a sensitive area Is frit near the sciatic notch 
and similar sensitive nodes are usually present in one or both legs. 
The commonest site in the leg Is at the upper margin of the calf about 
inch from the inner side and two inches below the head of tbe tibia. 
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Symptoms. — The signs and symptoms caused by these nodes fa 
addition to their sensitiveness arc radiating pains, or more often a 
slight discomfort with restlessness. The patient moves his legs fre- 
quently, “can't hold them still,” and at night when he Is falling to 
sleep the leg will Jerk spasmodically. 

Treatment. — The treatment as already indicated Is gencril and 
local. Remow the factors of tenseness, nervousness, and fatigue, and 
develop healthful exercises and relaxation. Improve elimination. Lo- 
cally the condition must be treated by beat, massage, and graduated 
exercises. Often diathermy is found very beneficial, os H relieves the 
pain, causes a local congestion, and, when followed by massage, wul 
often cause very persistent sensitive nodes to disappear. 
massage, the sinusoidal current or n strong vibrator may be used, 
know many taut business men who, scuffering with this condition 
the neck or shoulders, have their barber use a vibrator oc the pan- 
The use of a galvanic current with the needle Inserted directly la 
node has been advocated as well as acupuncture. 


Traumatic Neuroses 


Definition. — A pure neurosis is one In which all the signs and symp- 
toms are based upon a functional condition in contradistinction o 
conditions with an organic background. I believe It Is 
ways to rule out the Influences which certain minor organic c«w 
play In the neurosis. This Is certainly true In traumatic neuroses. 


Etiology. — Traumatic neuroses may develop In spite of the a 
the trauma was trivial or nil and that absolutely no d eCtor ~ , ■_ 
organic lesions resulted from the aeddent. This type of ne 
often seen In patients who were on the edge of a terrible a 01 *,. 
escaped without a scratch. In others the organic lesions, t “ e , 
an aeddent, have been cured, but a functional neurosis has dev 
during the period of disability and continues as the sole cau3C . ^ 
capadty. In this latter group the cause of the neurosis may f 
nature of the aeddent; the nature of the trauma; some 
made by the attending physician which exaggerates the importance 
the Injury in the patient’s mind; statements made by the » a ^v' e 
nuree, or often an interested lawyer, which exaggerate tte fmp “^"7 

of the injury In the patient's mind; or the true compensation 

where the desire for a good settlement causes the patient to dwt “TT 
his injury until its importance has become magnified in Us 0V ZJ_Zfac 
Occasionally the desire for sympathy or the desire for revenge—* 
example when a patient wishes to prove some other physician 
—and similar mental impulses are behind the neurosis. Fina^tnere 
is the third group in whom the physician fails to find the evident » 
organic injury and yet the patient continues to have disability- 
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in this group some remnant of the organic lesion is still present which 
forms the underlying basis of the neurosis. Elsewhere In this chapter 
I have referred to this type as the “misunderstood neurosis.” Diligent 
search on the part of the physician is necessary to reveal the under- 
lying organic condition. 

As the years go by I am positive that many of us are too prone to 
label our patient as a case of true neurosis when the real condition is a 
combination of some traumatic organic lesion with a superimposed 
neurosis. 


Classification. — In prescribing or practicing physical therapy in 
functional conditions, it is imperative to classify these cases In one of 
the following groups: 


Group I: Traumatic Neurosis: No Organic Injuries; Purely 
a Functional Condition. — In these it is seldom wise to let the pa- 
tient feel that he has an injury which must be treated. If you dismiss 
such a case with the statement, “There Is absolutely nothing wrong 
with yon,” be will usually go away disgruntled. Often instead of help- 
ing him you have made his condition worse. 

In cases of alleged back injury in this group one usually finds 
that such patients have fallen into faulty postures due to alleged pain ; 
or have become soft and flabby due to lack of work over a long period 
of months; or have simply fallen into faulty habits of bolding the 
back stiff, walking with a limp, or exhibiting organic lesions which do 
not exist. 


As a rule it Is wiser In this group to gain the patients’ confidence 
and then gradually to remove from their minds the fixed idea of organic 
injury — by various types of explanatory talks pointing out that Instead 
of being “scared to death” by an accident that might have been ex- 
tremely serious they were scared into a back disability. At this stage 
one can usually tell them frankly that absolutely no organic injury re- 
sulted from the accident, but that the injury was all mental and that the 
long-continued disuse of the back with gradually developing faulty pos- 
tures or stiffness Is the sole cause of disability. During this period of 
gaining their confidence, physical therapy (which Is only another name 


it can best be administered by a trained technician under the direction 
°f the physician. Physical therapy should consist of a certain amount 
r and amounts of retraining exercises. Reeducation 

of joint function is just as important in the numerous joints of the 
I™ 85 11 i* in the hysterical knee joint; therefore all exercises should 
be directed toward the reeducation of these joints, the obliteration of 
. . tbe correction of faulty posture and functional limps 

and the gradual hardening of the patient. ' 

Suceras in curing this type of neural, depend, upon gaining the 
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Symptoms. — The signs and symptoms caused by these coda fa 
addition to their sensitiveness arc radiating pains, or more often i 
slight discomfort with restlessness. The patient moves bis kgs fre- 
quently, “can’t hold them still,” and at night when he Is faffing to 
weep the leg will jerk spasmodically. 

Treatment. — The treatment as already indicated Is general twj 
local. Remove the factors of tenseness, nervousness, and fatigue, and 
develop healthful exerdsos and relaxation. Improve eUrrdnatm Lo- 
cally the condition must be treated by heat, massage, and graduated 
exercises. Often diathermy is found very beneficial, as ft relieves toe 
pain, causes a local congestion, and, when followed by massage, 
often cause very persistent sensitive nodes to disappear, ° T 

massage, the sinusoidal current or a strong vibrator may be -®**v 
know many taut business men who, scuff ering with this condltwD 
the neck or shoulders, have their barber use a vibrator on the 
The use of a galvanic current with the needle Inserted directly into 
node has been advocated as well as acupuncture. 

Traumatic Neuroses 

Definition. — A pure neurosis Is one In which oil the rigra 
toms are based upon a functional condition in contradistinction , 
conditions with an organic background. I believe it Is impose 
ways to rule out the Influences which certain minor organic cocci 
play In the neurosis. This Is certainly true In traumatic neuroses. 

Etiology. — -Traumatic neuroses may develop in spite of the ., 
the trauma was trivial or nil and that absolutely no < J cmcn v, l, 
organic lesions resulted from the aeddent. This typed neur 
often seen in patients who were on the edge of a terrible acaora ^ 
escaped without a scratch. In others the organk lesions, tl« rewJ 
an accident, have been cured, but a functional neurosis has 
during the period of disability and continues as the sole cause 
capacity. In this latter group the cause of the neurosis may 
nature of the accident; the nature of the trauma; some 
made by the attending physician which exaggerates tbe impo ^ 
the Injury in the patient's mind; statements made by the 
nurse, or often an interested lawyer, which exaggerate the 
of the Injury in the patient’s mind; or the true compensation^^ 
where the desire for a good settlement causes the patient to awe 
his Injury until its importance has become magnified in his own 
Occasionally the desire for sympathy or the desire for revenge--* 
example, when a patient wishes to prove some other 
—and similar mental impulses are behind tbe neurosis. Fmajfrt** 
is the third group fa whom the physician fails to find the evidence « 
organic Injury and yet the patient continues to have disability. 
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When the cases in this group are due to exaggerated statements by 
the relatives or by some interested lawyer, one must make sure that 
the desire for recovery U greater than the. desire for compensation. If 
the former is the case, the patient should be handled as just described. 
However, if the desire for compensation, sympathy, or revenge is the 
underlying motive for the neurosis, any form of treatment may only 
enhance the functional condition. 

Casa of compensation neurosis are alleged by some to be very rare, 
while other writers place this as the commonest cause for neurosis- It is 
my opinion that these two views depend upon the Dumber of compen- 
sation cases being handled by the various writers. An industry or in- 
surance company tha t adopts a liberal attitude toward compensation 
cases usually has fewer caws of compensation neurosis among the 
injured than does a company which has a hard-boiled attitude. 

Back ra ses which are purely compensation neuroses seldom yield to 
physical therapy. An early settlement of the case usually results in a 
cure of the condition. 


Group III: Traumatic Neurosis: Remnants or the Organic 
Lesion Remaining with a Superimposed Neurosis. — In this group, 
careful search, when applied to back cases, will usually reveal the trau- 
matic arthritis, the thickened ligaments, the contracted muscles, the 
thickened aponeuroses and adhesions, the sensitive nodes, and similar 
conditions which are the aftermath of the original Injury. The neurosis 
must be treated by gaining the confidence of the patient as already 
detaOed. 

Physical therapy in the form of heat, massage, exercise, manipula- 
tion (often under anesthesia), occupational therapy, and similar 
methods aimed at overcoming obscure but demonstrable organic lesions 
will usually cure this type of neurosis. These patients, usually misun- 
derstood and neglected, are the ones who respond most readily to, and 
who are most grateful for, treatment- 

The dictum that you "can rub more trouble into a neurotic patient 
in an hour than you can rub out in a month" is true in a certain num- 
ber of these functional neuroses. Careful classification of the neuroses, 
however, will reveal a large number in whom physical therapy Is def- 
initely indicated. The following case is an excellent example of a trau- 
matic neurosis in a back Injury: 


C ** 1 11 — J- A-, a carpenter, aged 4a , married and with three children, 
In a «mall community In southern Illinois in 1933 fefi from 
Voiding A distance of «8 It,, Injuring hU back- X-ray facilities were not 
*vAflabte to verify the diagnosis of “broken back,” which was made In this 
"W treated In hb home, lying prone In bed for approrimatdy sir 
"Wtla. ”, M finally awarded a total dlsaWHy by tie compenaotkai 

S n ?w'I? J r " TTOl J 10 ’?!*** 16 mona “ UtCT “> *« '■"her «ny- 

tMrnt rouW be dooe to decreaae 11, per cant of dliabWtv. At the 6m eaaii- 
had a resigned, feeHng^orry-for-hlmaeU eipresakai oei 
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patient’s confidence and refitting him for work. In some this cm be 
accomplished in two weeks; in others it may take months. It b fu 
better to persist in the treatment than to turn these patients loose as 
neurotics with continued disability. Frequently they win leave the 
physidans and drift into the hands of cultistJ who will cure them 
simply because they have more time and patience and a better under- 
standing of the psychology involved. 


Group II: Traumatic Neurosis: Organic Lesions Cured but 
Disability Persisting Due to the Neurosis. — In back cases in thfa 
group when the neurosis is due to an exaggeration of the seriousness 
of the original trauma or the seriousness ofthe original accident, soch 
patients should be bandied as suggested under Group I. 

When the back neurosis Is due to some erroneous idea or to in «- 
ngge ration of the seriousness of the injury, often the result of some ^ 
guarded statement made by the attending physician, the idea most dc 
wiped out before' the neurosis can be overcome. 

If a physician tells the patient that he has a “broken back wneii 
the lesion Is a simple linear fracture of a transverse process, a 
frequently develops which prolongs the disability for 
sometimes years after the simple linear fracture has healed. Someti 
during the acute stage the patient will complain of his suffering or 
the length of treatment; the physician, to justify his treatment, some- 
times replies, “You are lucky to be alive,” or “It will take a tong 
to get you well and you will never be completely well,” or, 00 
be permanently disabled.” Unguarded statements such as tnese 
the basis of many traumatic neuroses and, of course, should always 


avoided. ^ 

Recently I saw a patient suffering from a traumatic neurosis w^ 
was solely due to the fact that his family physician had written £ 
at the request of the patient, stating that his patient had 


fractured and was therefore unfit for jury service. 

failed to show the skull fracture. The patient had completely recown 


mucu ouow me SKUii iracture. ine peuem naa cuuifu^-v ^ 
from his injury within three weeks and was ordered back to , 

— t » it., j cvmntoms 01 a 


this physician. Instead of going to work he developed 5 > rn ^ n ^ Q J er . 
true neurosis. There were absolutely no organic findings- Tne 
lying cause of the neurosis was the patient’s insbillty to mHlo 5 
why his family physician had written that he had a skull fnam, 
later told him that he did not have a skull fracture and contlnucu 
Insist that he was able to go to work. , of 

Physical therapy la Indicated in this class ol cases when stitmes. 
the beak Joints, thickened ligaments, contracted muscles, ,,—jnr 
aponeuroses, faulty postures, functional limps, and general 
Indicate the need of beat, massage, and exercise. The iutainlsf* 1 *!. 
some simple form of physical therapy, thereby expressing the 
den’s Interest tn the case, combined with the physician’s iuperv=*^> 
will go far toward overcoming til, type of neurosis. 



Fkj. 18. — Cue of F. B. rir year* after fracture of nt fomtur ml cbm, *Ub lm- 
**dUte p*ril> iH dire to cotcpcenkm of the cord and tramfidoo of (be cord by rpIfrUcr 
°f boot trjMflokrn. Laminectomy preformed tun boon liter Injury- Pitknt received 
pkyrtaf tWripj lod protection anient foot drop ctmtbnrotBly Imoedlatety folic * tru 
tbe operation. Within a yeu be « ti walLInx. 
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his face; he stood with his feet a little apart and his back flexed about 
io° ; an walking he took steps from 10 to u in, long and progressed very 
tiowly; roovemfuts of the back were slow and restricted, the patient bending 
forward only about 35° and not being able to straighten hb back completely; 
be could raise his arms only slightly above a right angle to his body. Physical 
and x-ray examinations were negative for organic disease. There was no sign 
of a fractured vertebra. Functional tests showed variations in pain and ten- 
der points akmg the spinal column, with atypical areas of anesthesia- The 
observations were definitely those of a person with traumatic neurosis. 

The patient was admitted to St. Luke's hospital and was assigned to a 
regular routine of treatment, consisting of periods of beat, massage, exercise, 
tub baths, and rest. In addition to this he was assigned to the occupational 
therapy workshop for two hours a day at first, but the time was increased 
dally. After about the fourth day it was notlceo that the patient was spend- 
ing all hit spare time In the workshop , He was asked to make a special splint 
for one fellow patient and to make the peg leg portion of a temporary arti- 
ficial leg for another patient. He was so handy with tools that he was soon 
acting as an assistant to the technician. 

At the end of two weeks the patient was walking with a normal stride, 
could bend over and touch the floor, could stand erect, and could raise 
his arms over hfa bead. It was carefully explained to the patient that 
be had never had a broken back but that his trouble was all due to 
nervousness which be had overcome during these two weeks In the hospital, 
and he was discharged. Unlike many persons with neuroses, he was ex- 
tremely happy over hb recovery and immediately returned home and 
went to work. Although the surgeon and the physical therapist were of some 
aid In hb recovery, the practical application of occupational therapy should 
receive the chief credit 


Conclusions 

I have contributed this chapter as a surgeon confronted with a great 
many back cases and especially old back injuries which have failed 
to respond to other treatment I am not a physical therapist When 
physical therapy is necessary, it b administered by qualified tech- 
uidans under the direction of my associate, Dr. J. S. Coulter, but I 
constantly supervise the case. 

I have found as the most valuable adjuncts to the surgical treatment 
of these cases various kinds of heat, various types of hydrotherapy, 
and, above all, massage and exercise. The exercise should be gradu- 
ated from the simple contraction and relaxation of muscles while the 
patient is lying in bed to movements Involving flexion and extension 
and lateral motion of the back; exercises involving lifting and carrying; 
the use of various kinds of apparatus, such as a rowing machine; and 
finally, to the exercises involved in gradually increasing amounts of 
work, referred to as occupational therapy. 

In this chapter I have not dwelt in great detail upon the methods 
advocated for administering the various forms of physical therapy. 
For details concerning the modus operand! of the various methods the 
reader Is referred to the chapters on technic, Volume L ’ ' 
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CHAPTER SEVENTEEN 


PHYSICAL THERAPY IN DEFORMITIES OF THE SPINE 
R. B. Doxehunt, MJD. 

Perhaps in no instance is the adage “an ounce of prevention is 
worth a pound of cure” more applicable than in potential or incipient 
deformities of the spine. In joints of the extremities, even when great 
deformity has been established, surgical and mechanical measures are 
available which enable the most spectacular alleviation or correction. 
But In severe deformities of the spinal structure which have once 
become confirmed and fixed, with all the associated somatic and 
visceral pathology, complete correction is practically never accom- 
plished and even improvement is often almost unattainable. The diffi- 
culty is due to the anatomic and physiologic complexity of the spinal 
bones, joints, and musculature, and to the relative inaccessibility of 
the spinal column and thorax to the application of corrective measures 
in the form of apparatus dependent upon pressure for their corrective 
influence. In other words, since one cannot “get bold of” the spine 
with hands or apparatus to the degree that obtains with reference to 
the knee or elbow, manipulative or corrective influences must be 
exerted less directly and therefore less effectively. When one experi- 
ences the difficulty encountered in correcting an ordinary clubfoot in 
a child, in which the foot and leg can be grasped powerfully In the 
hands and are seemingly under the command of the operator, it can 
readily be appreciated bow relatively little direct force one can exert 
upco a spinal deformity when one’s efforts are applied to the pelvis, 
thorax, and axillae. 

It is therefore of the greatest importance that frequent examination 
be made of growing children to detect potential deformity and that 
preventive measures be instituted early. So insidious is the develop- 
ment of spinal deformity, Dot only in children as a result of congenital, 
paralytic and postural causes, but in adults incidental to postural, 
mechanical, or arthritic influences, that the orthopedic surgeon seldom 
has opportunity to boast of having prevented deformity; but be is con- 
stantly confronted with the problem of attempted correction, which 
often results In no more t han preventing it from progressing to a more 
severe degree. Since there are other, chapters which deal with the prin- 
ciples of the prevention of deformity, only the common types of de- 
formity of the spine and the physical therapeutic measures designed 
tor their alleviation or cure will be discussed here. 
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Physical Therapy in Back Injuria 

Finally, I have treated in considerable detail the classification, eti- 
ology, and diagnosis ol hack injuries in order to illustrate and Etna 
the importance of a thorough understanding of the back condition 
before attempting nny physical therapy measures. 
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Anatomic Considerations 3 

Apart from actual operative surgical procedures, the entire treat- 
ment of spinal deformity is “physical therapeutic.” The exertion of 
influence by push or pull or manipulation or traction, whether from 
within by muscular effort or from without by manual or mecha n ical 
effort, is physical therapy; hence one cannot exclude those measures 
applied by the surgeon and intelligently discuss those commonly dele- 
gated to the trained physical therapist because they are reciprocal 
parts oi the same rationale. 

There are numerous deformities of the spine of congenital origin, 
such, as spina bifida, synosteosis of vertebrae, cervical rib, variations 
in number and shape of spinal segments, and other embryologic aberra- 
tions which may or may not produce deformity but which in any 
event are not amenable to physical therapy and are hence not discussed. 
Moreover, diseases of the spine, such as tuberculosis, syphilis, and other 
granulomatous infections, ns well as osteomyelitis, neoplasms, and 
trophic disorders, are not the subject of physical therapeutic ministra- 
tion except in so far as they may produce deformity and are accord- 
ingly dealt with in other sections. Similarly, traumatic lesions comprise 
a special subject. Hence this chapter deals with deformities of the spine 
which may be considered to have been theoretically preventable and 
are capable of improvement by mechanical means, whether of consti- 
tutional, static, paralytic, or arthritic origin. 

Anatomic and Phybiolocic Considerations 

Effective treatment of spinal deformity must be based upon a knowl- 
edge of the grosser and simpler principles of the structure and function 
of the spine. Although there are marked differences in structure and 
form between the spine of the infant, child, adolescent, and adult, these 
differences do not materially modify the principles of treatment except 
in so far as the progressive decrease In resiliency and flexibility with 
advancing years mates treatment less and less effective; therefore, for 
the sake of brevity, variations with the age of the patient will not be 
enumerated. 

In general the spine is considered as that part of the vertebral 
column above the sacrum. It comprises about one-third of the length 
of the body and is composed of 24 segments, the upper seven being 
designated as the cervical, the eighth to the nineteenth inclusive as the 
dorsal, and the lower five as the lumbar. The first cervical vertebra 
articulates with the base of the skull, and the last lumbar with the 
sacrum, which Is solidly fixed between the two iliac bones, forming 
with them the unyielding pelvic ring. The sacrum represents the base 
of the spine, being wider and thicker than any other vertebral seg- 
ment, and the bony mass tapers gradually in anteroposterior, lateral 
aad axial dimensions from the sacrum upward, so that the cervical 
vertebra fa smaller in all diameters t h an the dorsal and the dorsal is 
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Apart from actual operative surgical procedures, the entire treat* 
ment of spinal deformity is “physical therapeutic,” The exertion of 
influence by push or pull or manipulation or traction, whether from 
within by muscular effort or from without by manual or mechanical 
effort, is physical therapy; hence one cannot exclude those measures 
applied by the surgeon and Intelligently discuss those commonly dele- 
gated to the trained physical therapist because they arc reciprocal 
parts of the same rationale. 

There are numerous deformities of the spine of congenital origin, 
such as spina bifida, synosteosis of vertebrae, cervical rib, variations 
In number and shape of spinal segments, and other cmbryologic aberra- 
tions which may or may not produce deformity but which In nny 
event are not amenable to physical therapy and are hence not discussed. 
Moreover, diseases of the spine, such as tuberculosis, syphilis, and other 
granulomatous infections, as well os osteomyelitis, neoplasms, and 
trophic disorders, are not the subject of physical therapeutic ministra- 
tion except in so far as they may produce deformity and arc accord- 
ingly dealt with in other sections. Similarly, traumatic lesions comprise 
a » pedal subject. Hence this chapter deals with deformities of tho spine 
which may be considered to have been theoretically preventable and 
are capable of improvement by mechanical means, whether of consti- 
tutional, static, paralytic, or arthritic origin. 

Anatomic and Ptiysiolooic Considerations 

Effective treatment of spinal deformity must be based upon n knowl- 
edge of the grosser and simpler prindples of the structure and function 
of the spine. Although there are marked differences In structure and 
form between the spine of the infant, child, adolescent, and adult, these 
differences do not materially modify the prindples of treatment except 
la so far as the progressive decrease in resiliency and flexibility with 
Advancing years makes treatment less and less effective; therefore, for 
the sake of brevity, variations with the age of the patient will not be 
enumerated. 

In general the spine is considered as that part of the vertebral 
column above the sacrum. It comprises about one-third of the length 
of the body and is composed of 24 segments, the upper seven being 
designated as the cervical, the eighth to the nineteenth inclusive as the 
dorsal, and the lower five as the lumbar. The first cervical vertebra 
Articulates with the base of the skull, and the last lumbar with the 
sacrum, which is solidly fixed between the two fliac bones, forming 
with them the unyielding pelvic ring. The sacrum represents the Lose 
of the spine, being wider and thicker than any other vertebral seg- 
And the bony mass tapers gradually in anteroposterior, lateral, 
Acd axiil dimensions from the sacrum upward, so that the cervical 
vertebra is smaller in all diameters than the dorsal and the do rial fs 
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smaller and less massive than the lumbar; hence the column is pyram- 
idal, with its base below (Fig, i). 

Each segment or vertebra is in the form of on irregular osseous ring 
with a circular body Hat above and below, forming an anterior partial, 
and a posterior portion known os the arch, made up of the laminae, 
spinous, transverse, and articular processes. The anterior and posterior 
portions ore joined on each side by the short pedicle to form the ring 
(Figs. 2 and 3). Thus the spinal column Is formed of a series of soper* 
Imposed rings, each articulating with the one above, both in its m- 



Fjo. 1. — A thoracic vertebra. (Monk.) 
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Pn*- 3- — A thoracic rrriebra. ride vi nr. (Monk-) 
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terlor and posterior portions. Tbe bodies of the vertebrae are separated 
from each other by an Intervening cushion of fibrous elastic tissue, 
the Intervertebral disc, which fills the entire Intervening space and is 
attached firmly to the vertebral body. The disc projects a little beyond 
the rim of the vertebral body. The periphery of the disc is firm and 
fibrous, while in its center Is a soft and - movable fibrous mass, the 
nucleus pnlposus, occupying little less than one-half the total area of 
the disc (Fig. 4). Tbe discs vary in shape and thickness in different 
regions of the spine. In the cervical region they are thicker in front 
than behind, thus necessitating the normal anterior convexity of the 
cervfcal spine. Similarly in the lumbar region they are a little thicker 



Mgitt&l wrtlon ©( two lumber Twttbrae tbrfi (Gray.) 


anteriorly, causing anterior convexity, and their general thickness 
here is greater than their cervical or dorsal thickness. In the dorsal 
region they are more nearly symmetrical, and the backward curve of 
tbe dorsal spine is due more to the shape of tbe vertebral bodies and 
to tbe necessity of its conformation In connecting a curve above and 
below. The discs comprise 25 per cent of the total length of tbe spine, 
hence In the aged In whom they become narrowed tbe spine is short- 
ened and bent forward throughout. 

The posterior portion of each vertebra articulates on each side with 
the one above by the articular processes, producing joints which, in tbe 
cwvical region, are flat and slope backward and downward at an angle 
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smaller and less massive than the lumbar; hence the column is pyram- 
idal, with its base below (Fig. i). 

Each segment or vertebra is in the form of an Irregular osseora dug 
with a circular body fiat above and below, forming an anterior portico, 
and a posterior portion known os the arch, made up of the laminae, 
spinous, transverse, and articular processes. The anterior and posterior 
portions are joined on each side by the short pedicle to. form the ring 
(Figs, 2 and 3}. Thus the spinal column is formed of a series of super- 
imposed rings, each articulating with the one above, both in lb in* 



Fia *. — A thoracic vertebra. (Went*.) 



Fbj. j. — A thoracic vrrtcbn, Mdo view. (Monti.) 
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importance in disordered states. For detailed study of the musculature 
of the spine, thorax, and abdomen, ail of which must be regarded as 
controlling the spinal movements and stability, the reader should refer 
to standard works on anatomy. For the purpose of rhfo discussion 
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of 50°, In the dorsal region are more vertical and In the corotal pdane, 
and In the lumbar region arc nearly vertical and in the sapttil plane, 
with the exception of the lumbosacral articulations, which are more In 
the frontal plane, thus permitting greater flexibility in the anteropos- 
terior movements. Thus each vertebra articulates with the one above it 
three Joints, forming with each other a triangle. It Is difficult to see 
bow there could normally be much movement between two adjacent 
vertebrae or even much movement in the entire spinol column, Particu- 
larly In light of the fact that all three articulations are firmly sur- 
rounded by dense ligaments. 

The articulation of these segments results in an osseoligamentro 
column, pyramidal in shape, containing in the canal produced by the 
foramina of the vertebrae the spinal cord and thus serving 81 
of protection. Its other functions are maintaining the vertical jwnnoo 
of the human body, sustaining the superimposed weight and support 
of the thorax, providing for flexibility and resilience, supporting aaa 
protecting the thoracic and abdominal viscera, and being the source o 


origin for a vast system of complex musculature. , 

To provide flexibility, resilience, and stability there . 

anteroposterior direction three curves, the cervical (convex antenorry;. 
the dorsal (convex posteriorly), and the lumbar (convex auWwjjj 
• See Figure i. These curves are known as the physiologic curves 
their relationships to each other are of the greatest importance, 
summit of the convexity of the cervical curve is at the level o 
fifth cervical vertebra; that of. the dorsal curve, at the sixth; ax 
of the lumbar curve, at the fourth. In the transverse di rcct ~® 
is normally no curve except a slight deviation convexly to t /* 
extending from the middorsal to the midlumbar region and sa) 


associated with the disposition of the vascular structures. 

Support of the thorax is afforded by articulations with we jj" 
column of the 13 ribs on each side (Fig. 5 )- 
tenth ribs the head of the rib articulates with both the_ correpo^ 
vertebra and the one below by a double Joint, while the first no 
articulates only with the body of the first dorsal vertebra, and 
two ribs, with the eleventh and twelfth vertebrae, res P^ c ri vei ^l: ( h (be 
over, the first to the tenth ribs have an additional articulation 
corresponding vertebra through their tubercles and the tram 
, vertebral process. In this manner the thoracic cage is *®P cn ° c l £K g. 
supported from the vertebral column and its shape is according^ 
fied by changes in the relations of the spinal support. 


Musculature of the Spine.— Like all other Joints or sysW™ 
Joints, the maintenance oi stability, strength, and lorn Is 
not alone upon articular or Immediate periarticular atrocturo, J"' 
great measure upon those extrinsic elements which D«™ !1 Lr ,><« 
movement of the Joint, namely, the muscles; and In the 
are massive and complex In their normal statee and of Inem™ 
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viz-, the sternocleidomastoid considered singly, the broad, strong, ex- 
ternal oblique muscle of the abdomen extending from the eighth rib 
downward, forward, and meslally to be Inserted into the sheath of the 
rectos abdominis, Pou part’s ligament, and the iliac crest. The internal 
oblique muscle of the abdomen Is similar in arrangement except for 
obliquity in the opposite direction, arising from the iliac crest and 
lumbar fascia to be Inserted into the ribs, sternum, and rectus sheath. 

Transverse . — The transverse group (Fig. 6c) is concerned chieBy 
with minor movements as far as the spine is concerned but effects con- 
certed action of the upper extremity and thorax with tbe spine. The 
pectoralis major and minor, serratus magnus, latissimus dorsi, and 
trapezius effect movements of tbe shoulder girdle about tbe thorax and 
hence of the spine. Similarly the quadratus 1 umbo ram and transverse 
abdominal muscles effect movement between the thorax and tbe pelvis. 

It is important to consider the continuity of muscular action by these 
groups from skull to pelvis and even the lower extremities. It will be 
seen that the movements of the spine are determined and partly lim- 
ited thereby and that deformity vrfll ensue upon the release of control 
by any one group, as In paralysis, or upon the abnormal accentuation 
of tbe force exerted by any one or more groups, as in muscle spasm 
Incidental to inflammatory process or spastic paralysis. The equilibrium 
of the spinal mechanism at rest or in movement must be secured largely 
by the reciprocal action of all muscle elements. 


Movement* of the Spine. — The voluntary movements of the spine 
are of course controlled by these longitudinal and transverse muscle 
pulls within tbe limits of range permitted by bone and joint elements. 
Tbe joints permit some movement between all vertebral segments, 
although they are variable in different portions of the spine, and the 
tripodal articulation definitely limits the range of movement enjoyed 
at each Intervertebral joint. The intervertebral discs are compressible 
and on movement adapt themselves in shape, the nucleus pulposus 
slipping forward, backward, or to either side. The articulations of the 
arch permit gliding movements only, and so the net result Is that each 
Intervertebral joint can bend forward, backward, and laterally, and 
can rotate. In a system of superimposed joints of this sort the maximum 
mobility of the spine would be the summation of movements permitted 
by these articulations if the spine were a straight rod, which It Is not, 
and if It were not for other factors of limitation, such as the function 
of supporting the thoracic cage. Thus tbe degree of movement and its 
nature are modified by tbe relatively fixed nature of the physiologic 
mirves. In the cervical region, flexion, extension, lateral flexion, and 
rotation are all free in range. In the dorsal region extension is prac- 
«auiy absent and flexion is limited, while lateral motion is consider- 
"il lumbar region lateral rotary movement is markedly re- 
stricted, but flexion fa freer and extension fa freest. 

More important than the exact ranges of movement at different levels 
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consideration can be given only to the general gross arrangement of 
those groups which, acting harmoniously, prevent deformity and main- 
tain stability, and the disturbance of any one of which may {reduce 
deformity. 

The spine must be regarded as the core of a cylinder of muscles 
which form the trunk, the core being situated posteriorly in the nasi. 
The direction of muscular pull around the core is such that when tfl 
muscles are of normal integrity and hence balanced, they act ai the 
physiologic splint of the spine and in every movement of any nature 
every portion of the splint participates. 

Muscle Groups. — There are in general four muscle groups'- 00 
the extensor group, (2) the flexor group, (3) the rotator group, 

(4) the transverse group. , , . ■ . 

Extensor . — The extensor group (Fig. 6b) is posterior to the 
extending as a great mass from the pelvis and sacro-JUac ligumetru 
upward on both rides to the base of the skull, with relay* 
and insertions. In addition to directly parallel longitudinal 
portions at various levels curve laterally to insert into every no 
Into the base of the occipital bone. More deeply the ^ 

segmental so that the ribs are connected to the transverse process 
the vertebrae above, and to each other by intercostal musp* 3 * a __ 
transverse processes are joined by little muscle plates. This pea 
imbeds the spine deeply except for the spinous processes, all 01 
can be felt subcutaneously between the two muscle columns. 

Flexor . — The flexor group Is anterior to the spine and 
two separate portions, viz., those Intimately connected wtthtne 
column and those of the anterior portion of the trunk. 1 
(Fig. 6d) consists of an upper portion or cervical group and a . 
lumbofemora] group between which in the dorsal region the C“* ‘ 

is deficient The upper group arises from the bodies 01 the . 
sixth cervical vertebrae and, ascending In relays, is Inserted ^ 
bodies and transverse processes of superjacent vertebrae fl ^ 
occipital bone. The lower group, the psoas mass, arises . 
bodies, intervertebral discs, and transverse processes of toe 
dorsal to the fourth lumbar vertebrae inclusively and forna ^ 
which tapers downward over the brim of the pelvis laterally 
inserted near the leaser trochanter of the femur. , , mQ5 . 

The anterior trunk group (Fig. 6a) is likewise interrupted ^ 
colar continuity, but by the unyielding sternum, which 5a ru*Tw t0 y 
defect. Above, the sternocleidomastoid muscles arise from the _ 
process of the temporal bone and descend to be inserted Into tne 
num and clavicle. Below, the rectus abdominis extends from tne 
rack rim in front to the pelvic brim below. The anterior portion 01 
intercostal muscles may also be regarded as 

Rotator -— The rotator group (Fig. 6e) Is composed of 
oblique arrangement with reference to head, neck, trunk, and p" 
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b the result of combinations of these in the spine as a whole, for to the 
latter must treatment be accorded to affect any deformity. Much of the 
seeming range of motion is really due to freedom of movement at the 
ocdpito-atlold juncture and at the hips, hence the latter must be 
eliminate d by firin g the pelvis to attain an accurate estimate. Lovett 3 
and others have emphasized the fact that in a flexible structure pos- 
sessing fixed anteroposterior curves, lateral bending is necessarily ac- 
companied by rotation; hence there can be no pure lateral movement 
of the spine without twist, although at different levels the relative 
proportions of lateral motion to twist in this compound movement 
vary. Moreover, the ratio Is varied by concomitant flexion or extension 
of the spine as a whole. For details of these elements the reader should 
be referred to Lovett’s monograph, “Lateral Curvature of the Spine.” 1 



Fn». io and n. — Lateral flnlon of the normal ipfne. 


general, forward flexion Is a pure movement enabling the con- 
version of the spine into a curve of approximately one-fourth' of a 
circle (Figs. 7 and 8). The physiologic lumbar curve is obliterated, the 
donal is Increased, and the cervical is decreased. 

Extension is also pure, i.e., free from rotation, and enjoyed tb the 
degree shown In Figure 9. The movement is chiefly at the lower lumbar 
segments, although the physiologic dorsal curve is somewhat decreased. 

Lateral flexion (and rotation) in the erect position resolves itself 
into a movement chiefly of the dorsdumbar region (Figs. 10 and n) 
f-™]- according to Lovett, 3 is accompanied by rotation of the vertebral 
bodies toward the concave side of the lateral curve. If, however, lateral 
flexion Is carried out with the whole spine forward-flexed, a greater 
of the spine participates in the lateral curve and the vertebral 
oodles rotate toward the convex side thereof. 
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bdow, at>d by retentive apparatus in those cases exhibiting tendency 
to imbalance. 


Structural Curvature.— Structural scoliosis, on the other hand, Is 
marked by the presence of deformity which a normal spine cannot as- 
Bume, and by definite changes in the form and relation of the bony 



Fw. ii. — Fanctfejml KoOoda compensatory to abort rfjrht Iostt extremity. 
Fro. ij — O bHtmtloo of deformity of ipioe by riitirar right kr»rr extremity. 
F*>. 14 — Ataence of rotary deformity ( atrocturaJ ) in forward flexion 


elements of the spine. These bone changes may be primary with ref- 
erence to the scoliosis, as In congenital malformation of bone, such as 
“wedge vertebrae” and other developmental anomalies of segments or 
articulations, or In changes In the shape of these elements due to 
rickets, neoplasm, granulomatous disease, or trauma. 
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Lateral flexion and rotation being indissolubly associated *od re- 
ciprocal, the effort to eliminate one mechanically tends to restrict the 
other In the normal state, while the converse Is true In certain de- 
for mi ties. 

To summnrke, the anteroposterior normal curves, together with the 
segmented osseoligamentous structure, assure a flexible mechanism of 
stability and equilibrium capable of generous mobility as a whole sod 
requiring very little external support to maintain symmetry. The spine 
is, however, provided with abundant muscular support, whidj^u ^ 
anced, augments these factors and which, if unbalanced, inflict 1 de- 
formity. Manifestly the plasticity of the structure has much to do 
its vulnerability to deformity from external influences. Tma to the 
mature spine marked degrees of muscular imbalance may be eufcuvtty 
resisted while in the immature spine minor degrees of unbalance may 
. gradually produce extreme deformity. Moreover, intrinsic ftetons tea 
extrinsic influences other than muscular Imbalance may be 
ments originating deformity, but once instigated, imbalance t 
and augments deformity. 


General Scoliosis (Lateral Curvature or the Spins) 

Functional Curvature. — Lateral curvature of the spine ^ j* 
functional, i.e., unaccompanied by permanent anatomic ^ange 
bones. Such deformity may exist as a normal compensatory 
to a short lower extremity from any cause (Figs. I3 > 

There is a singular lack of tendency for such a spine aI} . 

tural deformity. Moreover, in hysterical curvature, a]moufp._. 
parent deformity is obtrusive, there is no structural change- , 
such forms are not the subject of physical therapeutic robn* . 
However, another form of lateral curvature primaril y 
functional not uncommonly becomes habitual and may P 1 " 0 ^* rent 
ually into structural changes. This form occurs without t 
cause, usually between the ages of 6 and 12, and a the 

deviation to the left. The curve is general, Le„ extends thrmi^~ ^ 
length of the spine, the maximum deviation being at tbe ^ 
ninth or tenth dorsal vertebra. Such a deformity is a T^L 1 A 0 o wst 
curvature and is usually so gentle that the maximum deviaucra^ of 
exceed, as a rule, two inches from the median line- S ^ t r T?>nTpeo- 
this type may be overlooked. There are no supplement^ 
satory curves and torsion has not occurred, but there is h 

the left shoulder which la also displaced forward, while ^ 

displaced backward and the whole trunk Is shifted toward »e ^ 
indicated by the plumb line dropped vertically through the 
tween the buttocks (Figs. 15, 16, and 17). w^.rhevc^ 

It is therefore essentia! that balance be maintained 
of growth to avert conversion to the structural type. This “ 
plkhed by general calisthenics for the spinal musculature, 
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static factors plus muscular imbalance incidental to the musculature 
of one side operating to a mec h anical disadvantage against that of 
the o ther tend not only to perpetuate but to increase the deformity in 
just the same manner as these influences operate upon an ankle joint. 
Now when one of these influences is exerted with sufficient persistence 
in point of intensity and time, particularly upon the growing spine, a 
curve to the right or left is created and such curve is greater than the 
normal physiologic movement which the spine could assume in that 
direction. The convexity of the curve will be opposite the aide in 
which contractu nil causes operate and usually on the opposite side to 
the paralysis In unilateral poliomyelitic scoliosis. 

As has been pointed out, the spine cannot be bent laterally at any 
given point beyond a certain limit without introducing the element 
of rotation or twist, and when such lateral curve is toward the right, 
the direction oi the rotation oi the segments is toward the right, in 
other words, the vertebral bodies rotate toward the convexity of the 
curve. This torsion occurs, not only between the vertebral segments, 
but actually in their bodies. When the curvature is in the dorsal spine, 
the ribs on the convex ride are curved backward with the rotating ver- 
tebrae, creating the "rotation hump” or gfbbus. As the curve develops 
and the rotation occurs, there is crystallization of the stress of super- 
imposed weight upon the portions of the vertebral bodies on the con- 
cave side, and in response to Wolffs law, they become wedge-shaped 
(the base laterally) and otherwise distorted. Torsion is not confined 
to the immediate vicinity of the lateral curve but goes on above it, so 
that there develops a twist of the shoulders in relation to the pelvis. 

The ribs on the concave side are carried forward, accentuating the 
hollow in the back on that side, and the thorax thus becomes deformed. 
Attempted adaptive and compensatory adjustments resolve the de- 
formity Into one that must be regarded as no longer of the spine alone, 
but of the entire body. The patient in an Involuntary effort to compen- 
sate for such a disturbance of mechanics shifts weight to the extremity 
on the side of the convexity and general disalignment of trunk and 
extremities ensues. 

Untreated, structural scoliotic deformity does one of two things: 
either it becomes spontaneously arrested at a certain point and the 
patient goes through life without serious disability, or it progresses 
gradually to a degree that terminates life at a comparatively early age. 
In the latter, deformation of the thorax distorts and compresses the 
respiratory and circulatory viscera, impairing the functions of both 
and resulting In Impaired aeration and circulation, lowered resistance 
emaciation, and susceptibility to secondary infection. The thorax col- 
lapses into the pelvis until the ribs impinge upon the Ilium, inflicting 
similar embarrassment upon the abdominal viscera. Such Individuals 
fridom reach advanced years, being carried off by pneumonia or other 
terminal disease. 
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Much more commonly, however, the osseous malformation is sec- 
ondary to an extrinsic fnctor, acting to produce deformity gradually. 
Of these, infantile paralysis is by far the most common, as indicated by 
the fact that it caused 80 per cent of my cases. Other forms of parity* 
sis, such as meningomyelitis, spastic paralysis, and dystonia musca- 



Fra 15. — Total scoliosis (early functional). 

Fro 16.— Same as FI*. 15, flexed- No rotary fixed deformity- ^rtJcsl 

Fro. 17.— Same as FI* : 5 , Uteral view. Note general slooddn* attitode 
preacollotk posture 

lorum, may create imbalance to the degree of structural change^O*' 
t nurture of one side Incidental to cica triration of pleurisy or 
process or traumatic lesion of chest cavity, wall, or even s 
result in structural scoliosis. Wished, 

No matter what the origin, once structural change Is estaDu^ 
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2 . Acquired scoliosis: 

A. Anatomic asymmetry outside tie spine 

1. Torticollis 

2. Asymmetry of the pelvis 

3. Unequal length of lower extremities 

4. Ocular asymmetry 

B. Disease of bones or joints of the spine 

1. Rickets 

2 . Tuberculosis of the spine 

3. Arthritis of the spine 

4. Osteomyelitis of the spine 

5. Tumors 

6. Fracture or dislocation 
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Etiology. — Inasmuch ns the wisdom of attempting treatment at all 
and the prospect of any success depend to n considerable degree upon 
the extent and degree of fixation of the deformity and the causative 
agency, one considering treatment should recall the many etidogic 
factors in this deformity. These may be summarized as follows: 

i. Congenital scoliosis: 

A. Developmental anomalies of the vertebrae 

1. Wedge-shaped vertebra (one or more) 

2. Absence of one side of vertebra (one or more) 

3. Fusion of two or more vertebrae on one side 

B. Embryologic malformation of the thorax 

C. Deformity in utcro from pressure 



Fk* 18 and 10 Conxtnltal acolloaii duo to wrdr*-»b*ped vertebra a. 
Fid. jo. — A cquired acoHoaij ■etoodary to fcft torttoflla. 
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It Is evident in regarding the list of causes that many will not yield 
to physical therapeutic measures and that surgical or other orthopedic 
procedures directed toward the underlying pathology are indicated. 
Illustrations of scoliosis from different causes are shown in Figures 
18 to 37, Inclusive. (Figs. 18 and 19 show the congenital. Figs. 20-17 
show the acquired.) 
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Treatment. — Prophylactic. — Prevention, as In all other deformi- 
ties, is of the greatest Importance. Routine examination of school 
children will aid In the early recognition of beginning deformity or 
prescoliotic evidences. Congenital scoliosis can thus be recorded, 
watched, and controlled. Prescoliotic indications, such as the in di na- 
tion to assume asymmetrical attitudes in standing or sitting, or “pos- 
tural slouches,” ocular deviations, and rachitic round back, accompa- 



io rai»»t»r 17 
10 lv*Um» II 


General Scoliosis 


7. Osteochondritis 

8. Dyschondroplasia and chondrodystrophy 

C. Deformity due to disturbance of muscle balance 

1. Infantile paralysis 

2. Spastic paralysis 

3. Dystonia musculorum 

4. Inflammatory or traumatic muscle spasm, lumbago, sd- ■ 
atica, sacroiliac disease, hip joint disease 

5. General muscular atony from any cause 

6. Muscular dystrophy 

7. Encephalitis lethargica 

D. Contracture of extrinsic soft structures 

1. Unilateral pulmonary disease 

2. Thoracic empyema 

3. Cicatrization of the skin from burns or other trauma 
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curve I have referred to the associated torsion that occurs and to the 
tendency for imbalance to occur in the entire body. For instance, when 
there is a dorsal curve to the right, in order to retain the center of 
gravity the body weight Is shifted more to the right lower extremity 
than to the left. This is an early effort of the body to compensate 
mechanically. Later there develops a curve above and below the pri- 
mary one in a further effort to establish the center of balance. These 
curves are known as secondary curves and are in a direction opposite 
to the primary curve. In this automatic adaptation the body may suc- 
ceed or fall. In those cases that become stationary or nonprogressive, 
the secondary curves and the primary one have become reciprocally 
compensated, and although there are three curves in the spine, the net 
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nied by other evidences of rickets, can be met In advance of real 
deformity, and by supervision, exercises, and sometimes apparatus, 
can be controlled during the growing period. Scoliosis can tins be 
averted. 

Of particular importance Is a careful study of the spines of children 
who have had infantile paralysis. Extreme degrees of paralysis may 
result in little deformity owing either to retention of balance despite 
loss of power, or to maturity of osscoligamentous structure. On the 
other hand, seemingly minor degrees of unilateral spinal or abdominal 
paralysis may result in extreme degrees of deformity and often follow- 
ing a latent period of years. Moreover, many children have mild at- 
tacks of poliomyelitis without Its having been recognized, but mcctm 
or years later the scoliotic deformity is observed. Once launched open 
the tendency, progression of the deformity Is likely to go on apace, 
and often in spite of Intensive opposition in the form of treatment. 

Indications and Contraindications. — T he principles of treat' 
ment In the paralytic type ore applicable to all forms in which under- 
lying pathologic causes, such os tuberculous spine, arthritis, etc, cw 
not contraindicate movement, and hence movement Is selected as 
basis for outlining the routine. . .r 

The question should be asked first, “Can anything be expected 
treatment?” The answer Is to be sought in the degree of fixation oi 
deformity and In the determination of whether It is definitive 
tlonary. In the Inveterate contracture In the adult there Is noprosp^ 
of correcting the deformity. In the stationary scoliosis whicn 
arrived at a state of compensation and Is not progressing in 
adult or child, It had best be let alone os far as efforts to reo 
deformity are concerned. 

Purpose of Treatment.— The second question to be askedki 
,r What are we trying to do?” If the answer to the latter Is the a 
to unbend and untwist a structural lateral curve and to « cur '. 
normal anatomic relation of distorted vertebrae, the °Pj mIsin I S|JjJJ 
that of anyone who has had experience in the subject The mul . 
of methods and machines directed to this end testifies to the unprow 
bHity of such accomplishment. f 

Arrest of Deformity . — Attention has been called to the lact ^ 
structural scoliosis untreated either progresses to a hopeless 
assumes a definitive state. The Ideal of treatment In our P n ' 3CDl , UI ~ it h 
standing of the subject is to secure the definitive arrested attic 
the maximum of correction by the application of those measures w 
convert the progressing deformity Into the status of the one tw 
become spontaneously arrested. This leads to the question,^, 
occurs spontaneously to arrest deformity in this type?” It ' { 

accepted at present that this is accomplished by the development 
compensatory balance. During the development of a primary 



Fra. jo— Piocoflotic altitude. UlmJ curve mtthoct itrnctorxl dunyc. Potential] j“ 
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result is realignment of the whole so that imbalance has been cor- 
rected. In such a case the plumb line will fall through the median line 
of the cervical vertebrae and through the internals! fold, although the 
spinous processes will deviate from the line In three areas (Figs. ?S 
and 29). Now to disturb this mechanism by attempted correcdocol 
deformity is to court the danger of breaking the compensation and 
making the patient worse. Such a spine has already attained the near- 
est ideal toward which treatment strives.. namely, the establishment of 
compensation. Every scoliotic spine makes the effort to do this auto- 
matically, but many fail. Treatment' Is directed toward helping in that 
direction. 

To this subject most salutary contribution has been nude by Stea- 
dier,* and his conceptions ore util bed as the basis of the treatment 


given herein. 

Rehabilitation oj Muscles * — In the potential scoliotic patient before 
structural change has occurred (Figs. 15, 16, 17, 30, and J x )» ***■> ~* 
type of child that assumes asymmetrical attitudes in walking, stanmng, 
or sitting, and in the patient whose general musculature has been sub- 
jected to deterioration by prolonged Illness or recumbency for any 
reason, the object of treatment is the rehabilitation of the ^rtmi 
splints of the spine — the muscles. Supervised exercises designed w 
bring into play ah the Intrinsic and extrinsic musculature effecting 
spinal Integrity are Instituted. It is to be assumed that general 
examination has determined whether such a regime is compatjwe ts 
Indicated by the cardiovascular, respiratory, and general conaiuotts- 
Exerdses must be graded carefully, according to the requirements 
the capacity of the child. In no instance should either child or rnnsoe 
be subjected to exercise to the degree of fatigue or weariness. Thus 
may be advisable to subject each muscle group to no more ttoione _ 
two contractions In the beginning, until each can be accomplished m 
ease and grace. It is important that the therapist be cognfxant ot me 
fact that no amount of passive ministration to a muscle in tbejorni^ 
massage can be substituted for voluntary contraction In restoring to« 
and strength; and passive ministration In these cases should be 
merely to the touch to Indicate to the patient the direction of votary 
effort. However, when the latter Is Insufficient to accomplish 
movement, It should be performed with the passive aid of the thersp®* 
until the therapist's assistance is no longer needed. The rnethoo 
conducting exercises with passive aid is described below under. ex- 
cises B. 

The exercises designed to strengthen all spinal musculature, 
cated below under Exercises A, are properly used as supplement^ 
to other more specifically directed treatment in cases of establish 
scoliosis. 

Such exerdses may be given In classes but only after each nwwtf 
understands the procedure and has developed a fill r degree of moscK 
capacity through preliminary Individual work. 
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Stbucttjbal Scoliosis op Paralytic Origin 

Diagnosis. — It is assumed that a structural curve has developed. 
The first procedure is the securing of proper records. These include, 
In addition to the general physical and orthopedic examination, photo- 
graphic and radiographic records made under standard technic. Posing 
for the photograph is ideally done under the direction of either surgeon 
or physical therapist. The spinous processes are marked with black 
court-plaster and a plumb line of black is dropped vertically through 
the interna tal fold to determine the median line. The patient stands 
in natural relaxation with heels parallel to the lens of the camera. 
Light, distance, and exposure must be invariable if photographic 
records are to be of value for comparison. This view discloses the 
location and degree of deviation of spinous processes from the median 
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In the patient whose muscular structure cannot maintain symmetry 
and balance, the treatment should be supplemented by a light back 
brace and on abdominal support or n corset (Figs. 33 and 33). In the 
event that the examination and the experience of the therapist disclose 
that the musculature of one or more groups Is weaker comparatively 
than that of others, particular attention should be given to that group, 
and In such cases external support Is particularly indicated 
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Udc and the shift of the trank to one side or the other. The second 
exposure, which Is made from behind with the spine flexed, records 
the degree of torsion as indicated by the gibbus which Is on the convex 
ride of the curve in structural cases and In the same area as the 
primary curve. It It is on the opposite side, the case must be regarded 
as functional scoliosis (Fig. 14). 

The degree of rotation of the trunk is estimated by looking down- 
ward from above, behind the patient, and determining the relation of 
the scapulae or shoulder girdle to the pelvis. 

Radiographic study Is made of the whole length of the spine antero- 
posteriorly, not only to determine the degree of primary and secondary 
curves., but to note the extent of deformity In the vertebrae and ribs. 
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ing It. Determination at this point must be made as to whether the case 
at hand is in a state of compensation. If so, the future treatment 
should be directed toward keeping it so; if not, it should be designed 
to make it so. 

By compensation is meant the state In which the primary and sec- 
ondary curves and torsions counteract each other to the degree that 
the central wrlnl lin e r emains vertical and central, thus maintaining 
balance (Figs. 39 and 40). 

By decompensation is meant the absence or insufficiency of com- 
pensatory secondary curves, permitting shifting of the whole super- 
imposed trunk to one side with the pelvic center in one axis and the 
cranial center in another, creating leverage which adds the effect of 
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Observation should also be made In the prone position, for therein 
the functional curve disappears and the structural curve b modified 
by relief from superimposed weight. 

Descriptive record is thus made as the diagnosis. Scohosb b de- 
scribed as to the location of the primary curve, the degree thereof 
(whether it is structural or functional), and Its etiology. For instinct: 

Scoliosis: Iumbodorsal, structural, left. Infantile paralytic, severe 
(Fig. 34); or scoliosis: cervicodorsal, structural, right, infantile pan- 
lytic, moderately severe (Fig. 35). 

The flexibility should be recorded because of its important 
to treatment. It may be visualized by suspension of the trunk by the 
head (Figs. 37 and 38). The more rigid the spinal curve, the pare 
resistant it is to continued increase In Itself and to efforts at oecreas- 
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ing it. Determination at this point must be made as to whether the case 
at hand is in a state of compensation. If so, the future treatment 
should be directed toward keeping it so; if not, it should be designed 
to make it so. 

By compensation is meant the state in which the primary and sec- 
ondary curves and torsions counteract each other to the degree that 
the central axial line remains vertical and central, thus maintaining 
balance (Figs. 39 and 40). 

By decompensation is meant the absence or insufficiency of com- 
pensatory secondary curves, permitting shifting of the whole super- 
imposed trank to one side with the pelvic center in one axis and the 
cranial center In another, creating leverage which adds the effect of 
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Observation should also be made in the prone position, for therein 
the functional curve disappears and the structural curve Is roodi&ed 
by relief from superimposed weight. 

Descriptive record Is thus made as the diagnosis. Scoliosis is dc* 
scribed os to the location of the primary curve, the degree thereof 
(whether it is structural or functional), and its etiology. For InsUoct: 

Scoliosis: lumbodorsal, structural, left, infantile paralytic, severe 
(Ffg. 34); or scoliosis: cervi codorsal, structural, right, infantile para- 
lytic, moderately severe (Fig. 35). 

The flexibility should be recorded because of Its important relatfcc 
to treatment. It may be visualized by suspension of the trank by the 
head (Figs. 37 and 38). The more rigid the spinal curve, the more 
resistant it Is to continued increase in itself and to efforts at decreas- 
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At any time, particularly during the growing period, the compen- 
sated scoliosis may lose its balance and become decompensated, and 
then the primary curve progresses and the secondary curves become 
relatively decreased. This “breaking 1 ’ of compensation occurs most 
commonly at the lutnbodorsal juncture. It is possible in some instances 
to regain compensation by means of a brace and exerdses and passive 
efforts at reversing the direction of the leverage of superimposed 
weight. These are outlined below under shifting exerdses. This regime 
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must be continued for an Indefinite period, preferably until maturity 
of bony structure. 

Treatment. — In the early case of decompensated scoliosis in which 
balance cannot be reestablished, and in the confirmed state of decom- 
pensation, treatment must be directed toward the artificial creation of 
compensatory curves and the maintenance thereof by apparatus, and 
toward the rehabilitation of the musculature in its new relation to 
enable it to maintain the curves without apparatus. Failing in the 
latter, one has the choice between continued apparatus and operative 
ankylosis of part or all of the primary curve and part of the secondary 
curve. 3 
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gravity to the contractual] clement of the primary curve, and causing 
it to collapse further (Figs. 41-46). 

In the compensated type the record must be kept for comparison at 
intervals to detect evidences of decompensation, and treatment con- 
sists in exercises for the prescoliotic patient as outlined above and In 
special corrective exercises indicated below (Exercises C). 
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the gymnasium for the exercises (Fig. 47). The latter, both active and 
passive, must be directed toward mobilizing the lumbar and cervi co- 
dorsal portions of the spine as described in Exercises C and D. 

The establishment of compensatory curves or the beginning thereof 
requires several weeks. When the curves have been attained to the 
degree that the mobilized spine may be passively placed In an atti- 
tude which is the reverse of Its former inclination, viz., with the 
summation of the upper and lower curves equal to the primary one 
and with the pelvis rotated to the side opposite its former relation to 
the shoulders, a plaster jacket and spica are applied to retain this cor- 
rection, the jacket being provided with windows for pads to accentuate 
It (Figs. 48 and 49). 



Fra. jo. — Sun* u FI*. 48, intnicr view. 
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Artificial Creation op Compensatory Curves. — Older forms of 
treatment consisted of energetic, forcible redressment, stretching, and 
apparatus designed forcibly to unbend the primary curve, a procedure 
now considered Inadvisable because It removes one quality of service 
In preventing further deformity, vlx., the rigidity of the primary curve. 
In less forcible application of such measures, although clinically and 
radiographically there appears to be a decrease In the primary curve, 
the important result is the formation of new curves above and below. 
To enhance the latter, the unfixed portions of the spine are limbero 
by gymnastics, mobilizing exercises, and bead and pelvk traction hi 
recumbency. The patient is maintained on a Bradford frame, with 
traction upon the head and the pelvis, and is removed twice dally to 
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for the spine; (B) passively aided muscle training; (C) asymmetric 
muscle training in particular deformity; (D) passive manipulative 
procedure to mobilize the spine and create compensatory curves. 

Symmetrical muscle training. — The object to be attained is 
equal development of the spinal musculature — viz., the extensor, 
flexor, lateral flexor, and rotator groups. This is best done with the 
patient recumbent, when the factors of weight-bearing in the upright 
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The plaster Is applied with head traction with the patient In tie 
standing position. The arm on the side opposite the carve U strongly 
elevated. The lower extremity on the same side, i.e., opposite the con- 
vexity, Is abducted. This position accentuates the secondary ccr yn. 
The trunk is steadied by pressure over the anterior and posterior 
prominences of the deformed thorax, and while the patient tssonw 
the attitude of the shift, the plaster is applied from neck to kneeoo 
the abducted side, rotary relation of pelvis and shoulders also dotj 


secured. , , , 

A fenestra over the gibbus permits insertion of felt P 8 ® "°® Jr® 
to time (Fig. 50). The child may be up and about and the 
may be changed at intervals for a period of from three to rix awatm. 

Upon the’ removal of the plaster a brace is applied to ra«tn 
positions secured by the plaster (Fig. 51) and physical therapy 
resumed, consisting of shifting and the general calisthenics ou __ 
Photographic and radiographic records are again made forctrarnraw 
months and years hence. The problem now is to retain what ms 
accomplished. The general exercises and brace are to be c 
for two years at least. Swimming and the ordinary activities 
be encouraged within reasonable limits. 

In addition to the general exercises outlined, h^JhjJS 
both naturally and by expiration against resistance with \\ ^ 

are valuable in cases in which the thoracic area has been 
upon by deformity. nro- 

Recurrence of decompensation justifies repetition of the 


cedure and fusion in selected cases. 


Rehabilitation op Musculature: Physical 
part of the physical therapist In scoliosis may thus be su 


(1) Potential scoliosis 

a. General muscle training: posture work 
(3) Compensated scoliosis 

a. General muscle training 

b. Shifting exercises 
(3) Decompensated scoliosis 

a. Mobilization exercises 

1. Creeping 

2. Passive stretchings and torsions 

b. Retentive exercises 

1. General muscle training 
a. Swimming 

3. Breathing exercises 
4 - Shifting exercises 

For the purpose of description the technic (consisting of***^^ 
will be divided as follow*: (A) symmetrical general moserc 
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54-57; tbe lateral flexor groups, as in Figures 58-60; and the lateral 
and rotator groups, as in Figures 61 and 62. 

PAistvtiY aided muscle training. — When the patient ca nn ot 
voluntarily accomplish one or more of the group movements, the 
voluntary effort is augmented by the therapist’s passive aid. It may 
be advisable to commence with a limited range of the desired move- 
ment and gradually increase the range. Tbe application of passive aid 
to muscle training is illustrated in Figures 63 to 73, inclusive. 

Asymmetrical muscle training and movements. — This group 
of exercises is used In the compensated scoliosis to assure its mainte- 
nance; in the early decompensation, to attempt to regain compensation; 
and in the decompensated case, while undergoing traction In bed, to 
create compensatory curves. The technic varies with the deformity at 
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position arc removed. By test it must be determined whether the 
patient is capable of carrying out the movements. If one or more 
movements arc especially weak, it Is well to neglect the others and to 
concentrate on this one, with passive aid os described under “B ” 
Shifting and insecurity of the pelvis must be eliminated by strip- 
ping. Movements must not be hurried or jerky, but slow and complete 
in range. The illustrations are self-explanatory. The extensor group 
is trained as In Figures 52 and 53; tnc flexor groups, as In Figures 
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the balance. The exercise la carried out several times within the limits 
of fatigue. 

These are supplemented by the creeping exercises described by 
Klapp 1 (Figs. 78-72). Locomotion by means of hands and knees is a 
general exerciser of spinal musculature If done symmetrically, and 
when carried out asymmetrically, it both mobilizes and exerts a cor- 
rective influence. The movements are carried out with a voluntary 
stretching of the concavity of the scoliosis at each upward and forward 
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thrust of the left upper extremity (Fig. 79), and the movement is 
repeated with progression of crawling. 

In addition, asymmetric lateral flexion is performed, accompanied 
by voluntary passive stretching by the patient (Fig. 83). In this the 
patient voluntarily contracts the muscles on the convex side of the 
curve while utilizing the upper extremities as levers for passive 
tu etching of the concave side. This Is done rhythmically and slowly 
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hand. As an example, a typical decompensated right structural dorol 
scoliosis of paralytic origin is shown In Figures 74 and 75. The patient 
was retained in recumbent head and pelvic traction while Exer- 
cises B were carried out in addition to efforts to mobilixe the am- 
pensatory curves by means of the shifting exercises. 

For the shifting exercises the patient stands erect with the hands 
resting firmly upon the pelvis and, by direct downward push with the 
upper extremities, applies upward push upon the trunk to the maxhntnn 
degree of correction of the curve (Fig. 76). While this position Is held, 
the trunk Is shifted to the extreme degree to the side opposite the curve 
(Fig. 77). This tends to accentuate compensatory curves and to realign 
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knee is flexed rhythm ically, adding weight to the corrective influence 
of the traction. To these exercises may be added the asymmetric use 
of any of the general muscle-training exercises outlined In A and B. 

Passive manipulative procedures. — For the sake of simplicity 
the numerous mechanical devices for exerting forcible traction and 
passive movement will not be enumerated. They are all based upon the 
effort to secure hold upon the trunk by fixation of the pelvis and by 
utilizing the upper extremities and thorax to apply pull, rotation, and 
corrective flexion. It is doubtful if complicated apparatus will retain a 
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place in this field, and it certainly never will assume the place of the 
well -trained, devoted physical therapist who intelligently applies the 
simpler procedures above outlined. After all, the present knowledge of 
the subject eliminates the urge forcibly to unbend and untwist a scoli- 
otic curve, and it Is apparent that the desideratum, Le., the compensa- 
tion, can be secured without it and that nothing else can be secured 
with it. Moreover, rapid forcible correction is utterly out of the ques- 
therefore all that can be expected of apparatus is to spare the 
Pay»£al labor of the physical therapist Every movement tending to act 
a direction opposite to the tendency of the deformity, whether active 
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A similar Influence is exerted by the standing sustention and abduc- 
tion exorcises (Fig. 84). The left hand grasps the oar in a manner to 
extend the scoliotic curve by traction while the right lower extremity, 
aided by the right hand which depresses the right shoulder, h gradu- 
ally and rhythmically abducted. Thus the right shoulder and the lower 
extremity are approximated, and while they are in this position the left 
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consists merely of a hinged table in which the point of bending may 
be used as a fulcrum at the summit of the primary curve with the 
patient keeping himself In traction by bolding on with his hands. 

The model used for this series of exercises (B, C, D) was subjected 
to the routine of decompensated scoliosis, vi*., recumbent traction; 
mobilization; corrective exercises B, C, and D; the shift plaster splca 
(Figs. 91 and 92); a brace; and indefinite continuation of the asym- 
metric muscle-training and shift exercises. Compensation has been 
attained to the decree shown in Figures 93 and 94, and will gradually 
increase. The regime must be continued until the spinal structures 
mature. 

It is Justifiable when in doubt as to the necessity of apparatus or 
of head and pelvic traction to attempt the use of physical therapy 
alone and to observe the course, for there are Severely decompensated 
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or passive, Is capable of oft-repeated exertion by the patient and the 
therapist if there is mutual understanding of the aim. 

The simplest and most effective measures of passive ministration 
are head and pelvic traction in recumbency, the shift plaster described, 
and suspension of the patient by the arms and head Voluntary stretch- 
ing while suspended on the rings is illustrated in Figures 85 and 86. 
The patient hangs on the rings and by rhythmic movements In the 
position shown in Figure 86, stretches the concave side of the curve 
and contracts the opposite. This may be supplemented by passive 
application of gravitational traction in the Sayre device (Figs. 87 and 
88). These same principles are applicable by means of apparatus 
counterbalanced by weights, in which the efforts of the operator are 
exerted with less work, such as the device in Figures 89 and 90, which 
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curves that respond readily without the tedium of the longer routine. 
Such to. Instance Is well Illustrated In Figures <55 and <36 > which depict 
severe Imbalance and list and no effort at compensation. The patient 
possesses excellent musculature throughout; the capacity to shift is 
shown In Figure 97, and with no other treatment than physical therapy 
she has attained correction of balance as indicated in Figures 98 
and 99. 
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The patient must be Impressed with the necessity of indefinite con- 
tinuation of observation and physical therapeutic work at home. 

nicfe presence of deformity must not lead the surgeon or 
ti^epist into treatment of a stationary curve. Figures 100 and 10 1 
er ~°’ t extreme deformity which, without treatment other than a brace 
^eintalns equilibrium and compensation and hence should not be 
Werfered with. The patient was not seen for two years, when be 
married Improved (Figs. 102 and 103). 
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Structural Scoliosis of Paralytic Origin 
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structure directly by operation. The maximum correction of the pri- 
mary curve and the creation of the secondary curves having been at- 
tained through the measures hitherto described, the bony structures of 
the spine are exposed and, by operative measures, converted Into a 
rigid segment, either by a bone graft or by plastic bone operation upon 
the vertebrae. Details of the procedure may be found in standard 
works or orthopedic surgery. An instance Is Illustrated in Figures 109- 
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113 wherein, In the presence of extreme tendency to decompensation, 
r* *P* ne was fused surgically from the sixth dorsal to the second lum- 
^rtebra with resulting maintenance of stability and alignment. In 
tmr field, however, disappointments and relapses In loss of equilibrium 
ait r er operative treatment are not uncommon. 

In Figure, 38 to 8S inclusive tic seemingly remarkable degree of 
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Furthermore, enthusiasm for physical therapeutic measures should 
not lead the therapist to ignore the effectiveness of measures of ex- 
ternal support. Indicative of this feature is a case of spastic dystonk 
scoliosis of severe degree (Fig. 104) made worse by any active or 
passive measures of physical therapy. When held in plaster for months 
(Figs 105 and 106), and later in a brace, the scoliosis subsided with 
decrease in the intensity of muscle hypertonidty to the degree shown In 
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Figures 107 and 108. If the patient had not been supported 
this curve would have become irretrievably fixed in decompensn 
Occasionally experience may convince one of the advisaWfi ty 
making the spine stiff by “splinting from within” In other words v“: 
extrinsic elements upon which r elian ce must be placed to malntiun 
pensation are undependable. This having been determined (and It » * 
delicate determination), it becomes necessary to attack the skeletal 
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The impressions given herewith are based upon the writer’s experi- 
ence with approximately 175 cases of scoliosis in the last ten years, but 
they have originated largely in the substantial contributions to the 
literature on this subject by R. W. Lovett,* Arthur Steindler,* W. 
Schulthess, 4 and others from whose writings I have borrowed. 
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Dohsum Rotundum (Round Back) 

The deformity of the spine incidental to loss of stability from any 
cause may ^ confined to anteroposterior deviations. In other words 
tnere is no lateral curve or torsion. - ' 

toctor causing loss of tonicity of the general musculature or 
*ot taring of the osseous or cartilaginous structures of the spine tends 
10 rc3alt to longitudinal collapse which is followed by pathologic 
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passive correction of scoliosis by means of vertical traction has been 
disclosed, and one Is impressed by the fact that if such a degree of 
corrective influence could be perpetually exerted, the outlook in gen- 
eral would be better. This impression has been corroborated in my 
experience with those who, because of paralysis of the lower extrem- 
ities, have been obliged to use crutches to such a degree that one 
might be tempted to designate crutches as one of the most effective 
means of treating this complex and intractable deformity (Figs. 113, 
114, and 115). 

Conclusion. — In conclusion, one must not at best regard the pros- 
pect in scoliosis with optimism. It is a field which requires all the 
ingenuity of the surgeon and the physical therapist and Is fraught 
with many disappointments. In it more than in any other field, per- 
haps, are teamwork, patience, and pertinacity essential. 
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Increase in the physiologic curves. Depending upon the nature of the 
underlying pathology, the length of time Inflicted, and the treatment 
accorded, the exaggerated curves become more or less fixed. This 
deformity varies in degree from mild postural relaxation which is 
readily passively corrected to the great rigid round back of chronic 
arthritis. In the aged the thinning of the intervertebral discs creates 
the general forward-bent spine. 

Since the treatment of postural deformities Is found elsewhere, I 
confine the present discussion to round back in children, due to changes 
in the osseocartilaginous structures. Such changes are in the nature of 
maladc phenomena secondary to either general or local factors. More- 
over, the changes may be general throughout the spine or limited to 
certain areas thereof. 
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a. Limited portion of the spine 

a. Localized epiphysitis 

b. Localized arthritis 

c. Localized trauma (fracture) 
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Etiology. — The etiology of filed round bach may be summarized u 
follows: 

i. Malformation of vertebrae or cartilages due to: 
a. General skeletal disease 
i. Rickets 

2. Chondrodystrophy 

3. Osteomalacia 

b. Skeletal disease affecting the spine alone 
1. The entire spine 
a. Osteochondritis 
b. Arthritis 

c Absorption of cartilage in the aged 
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Moreover, the general symmetrical exercises for trunk and spinal 
musculature should be instituted as early as the cooperation qi the 
patient can be secured. 

At a later period in life, i.e., in th? second decade, most commonly 
in girls at the age of 14 to 17, there occurs the common form of 
‘‘round shoulders” or round back, the result of asthenia of any form 
and static In origin. It may be readily corrected passively and the 
treatment consists of posture training, symmetrical muscle training, 
and, in intractable types, of a brace, as described under “Scoliosis” 
(Fig- 33)- In those in whom forward rotation of the shoulders appears 
to be the chief element of deformity, a simple shoulder strap may 
suffice (Fig. 1 16). The outlook in the static form, if exercises and 
training are persistent, is good for the ultimate correction of the 
tendency. 
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d. Tuberculosis 

e. Congenital malformation of the vertebrae 

In Infancy there I3 little or no physiologic lordosis In the lumbar 
region. This Is acquired gradually, as sitting up Is acquired, and Is 
Increased upon standing and walking. But In infancy, if the child Is 
rachitic or if there is general muscular atony, the back Is In dined to 
assume an attitude of general backward curve; In other words, the 
whole trunk has “slumped" forward. To prevent such a deformity 
from becoming confirmed, it is better to discourage sitting until gen- 
eral rachitic treatment has Improved the underlying factor. In such 
cases a light corset reenforced posteriorly to support the usually 
pendulous abdomen and to maintain the spine erect should be worn, 
and upon walking the light brace Illustrated in the section on scoliosis 
(Figs. 32 and 33) should be utilized. 
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chest is deep, but the muscles are strong and do disability results; 
In girls more often the patient becomes asthenic and goes through life 
in semi-invalidism, when untreated. 

This entity Is evidently the result of an atypical or pathologic 
process of ossification of the epiphyses of the bodies of the vertebrae. 
In the growth of the longitudinal thickness of each vertebra there ap- 
pears at the upper and lower articular surfaces a disc of bony ossifi- 
cation which is first noted at the age of 13 or 14. This disc gradually 
increases in thickness and unites when the Individual is at the age of 
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32 or 23 or when the body completes its growth. In those children 
developing the above-described deformity, these discs become irregular 
and sometimes fragmented, suggesting the nature of the changes seen 
“Jhegrowing femoral capital epiphyses in Legg’s (Perthes') disease 
Jp “* carpal navicular in Koehler’s disease. Even untreated ossifica- 
u °? on and is ultimately completed, but the result Is the nnalter- 
Soly Uteri round back. Early in the disease there Is sufficient resiliency 
to enable correction, which, however, becomes progressively more re- 
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Much more difficult is the dorsum rotundum in children of this 
same age which has as its origin a disorder of the growth of the ver- 
tebrae. The back gradually and painlessly assumes the attitude of 
excessive convexity of the dorsal spine and this convexity is fixed, 
i.e., cannot be passively or actively corrected. The bead is thrust 
forward and in a compensatory effort to maintain balance the lumbar 
curve becomes accentuated. Thus there is the picture of round back 
above and “sway back” or hollow back below (Figs, 117 and 118). 
The shoulders are narrow’ and the abdomen sags. Thus there Is assumed 
the “habitus ptoticus” with flattening of the chest, descent of the 
diaphragm, limitation of respiratory excursion, and abdominal visceral 
ptosis with its train of disorders. Not uncommonly, in boys the dis- 
order becomes arrested; the back remains round and fixed and the 
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c. Later muscle training 
cL General treatment of underlying cause 
e. Radiation, violet rayg 
2. In adolescence: 

Congenital 

Static 

Postural 

a- Symmetrical muscle training 

b. Swimming 

c. Corset, brace, or shoulder straps 
Oateochondritic 

a. Same as a, b, and c under “i” 

b. Recumbency and traction, if needed 

c. Special passive and active exercises 
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sistnnt with time. It would appear that this pathology may be rather 
acute in its onset, causing pain in the back, fatigue on little exertion, 
and sometimes pain on movement, and It may thus be confused with 
early tuberculosis or other disease. On the other hand, it may be of 
such gradual development as to be unnoticed except for tbe deformity. 
Moreover, it may be diffuse, affecting all the spinal elements, or it may 
be localized in two or three vertebrae. In the former deformity will be 
general; in the latter it may be angular to the degree of localized 
gibbus. . 

..'-Treatment. — This may be epitomized as follows: 

i. In infancy: 

Rachitic 

Amyotonic 

a. Recumbency 

b. Corset supports 
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Recumbency and traction having corrected the deformity, the prob- 
lem Is to maintain it This is accomplished by braces of the typo 
HI list rated (Figs. 3^-33). 

Muscle Training.— -In the case without pain, which is the usual 
type, the treatment consists of general muscle training of spine and 
trunk and special active and passive corrective procedures. The regime 
is directed toward the reestablishment o! general muscle tone, and 
hence support; passive correction of the posterior convexity of the 
dorsal spine and anterior convexity of the lumbar spine, and inci- 
dentally retraction of the abdomen; and elevation of the diaphragm 
and expansion of the chest. The passive corrective procedures are 
really applied under the physical therapist’s direction by the patient 
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3. In adults: 

Arthritic 
Traumatic 

a. Recumbency in Bradford frame, plaster dressing, traction 

b. Brace 

c. After quiescence, heat, massage, muscle training 

Tuberculosis and other infections causing deformity are discussed' 
elsewhere. Herewith is treated only the dorsum rotund um of ado- 
lescence due to vertebral disorder of growth referred to above. The 
principles are the same as in any anteroposterior deformity of the 
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spine. First of all, if pain Is present, all procedures involving move- 
ment, either active or passive, are contraindicated. Secood, if 
absent but is caused by movement, the latter Is contraindicated. TninJ, 
If pain Is absent on active or passive movement, then movements both 
active and passive are essential in the treatment. 

Recumbency and Traction. — In the presence of round back with 
pain, tenderness, or Instability, primary treatment consists of recum- 
bency on the Bradford frame with head and pelvic traction (Fig. 47J- 
Thus can deformity be gradually and painlessly corrected, end qui- 
escence of the painful dement can be encouraged. 
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hims elf and are therefore not purely passive but are the more effective 
for that reason. The useful procedures for the purpose are as follows: 

/. Direct Vertical Traction on the Rbtgs, Accompanied by Swing- 
ing. This elevates the shoulders, flattens the abdomen, pulls upon the 
chest wall through the thoracicohumeral musculature, and tends to 
exert traction on the round back (Fig. 119). 

2. Standing Backward Shoulder Stretching. The patient, standing 
in a corner with hands applied to .walls, bends forward and pushes 
forward with lower extremities. -This pushes the shoulders backward 
upon the thorax and expands the chest anteriorly (Figs. 120 and 121). 

j. Recumbent Stretching on Roll under Round Back. A thick felt 
pad or roll is placed beneath the dorsal spine with arms behind ,the 
head. Arms and head above and trunk below exert leverage upon the 
dorsum rotund am as the fulcrum (Fig. 122). 
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himself and are therefore not purely passive but are the more effective 
for that reason. The useful procedures for the purpose are as follows: 

1. Direct Vertical Traction on the Rings, Accompanied by Swing- 
ing. This elevates the shoulders, flattens the abdomen, pulls upon the 
chest wall through the thoracicohumeral musculature, and tends to 
exert traction on the round back (Fig. 119). 

2. Standing Backward Shoulder Stretching. The patient, standing 
In a comer with hands applied to .walls, bends forward and pushes 
forward with lower extremities. -This pushes the shoulders backward 
upon the thorax and expands the chest anteriorly (Figs, 130 and 13 1). 

3. Recumbent Stretching on Roll under Round Back. A thick felt 
pad or roll Is placed beneath the dorsal spine with arms behind .the 
head. Arms and head above and trunk below exert leverage upon the 
dorsum rotundum as the fulcrum (Fig. 133). 
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Abdominal Retraction. TVIth the same position as In “j," the 
abdominal musculature is retracted sufficiently to flatten the lumbar 
curve. This exercises the abdominal muscles, expands the chest, and 
increases the leverage on the dorsal spine (Fig. 233). 

5. Dorsal Flexion against Round Back. In the prone position with 
the strap applied over the summit of the dorsal curve, head and 
shoulders are actively dorsiflexed, thus exerting passive corrective 
influence on round back and strengthening the extensor musculature 
(Fig. 124). 

6 . Standing Table Exercise. The patient stands forward-flexed at 
hips, with trunk upon a table, arms extended above, grasping a stsfi. 
While maintaining contact between abdomen and table, arms #re 
extended with staff over the head, staff is brought into contact with 
round dorsal spine, and backward leverage is exerted by further exten- 
sion of curved dorsal spine. Thus the lumbar curve is flattened, the 
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4. Abdominal Retraction. With the same position as In u 3, n the 
abdominal musculature Is retracted sufficiently to flatten the lumbar 
curve. This exercises the abdominal muscles, expands the chest, and 
increases the leverage on the dorsal spine (Fig. 123). 

j. Dorsal Flexion against Round Back. In the prone position with 
the strap applied over the summit of the dorsal curve, head and 
shoulders are actively dorsiflexed, thus exerting passive corrective 
Influence on round back and strengthening the extensor musculature 
(Fig. 134). 

6. Standing Table Exercise. The patient stands forward-flexed at 
hips, with trunk upon a table, arms extended above, grasping a staff. 
While maintaining contact between abdomen and table, arms are 
extended with staff over the bead, staff is brought into contact with 
round dorsal spine, and backward leverage is exerted by further exten- 
sion of curved dorsal spine. Thus the lumbar curve Is flattened, the 



Treatment 


CTutptar 1 T 1 71 

Tdui nJ 1 1 



F*l 114. — Dcrml Africa tgrinri rotmd back. 




70 [CTuptrr IT 
**• Ivolna* H 


Dorsum Rotundum 



Fn u{ ind 


— Sun dms, Lib If nrrtiif. 







References 


17] 7Q 
VktMk ill *0 

dorsal carve Is decreased, and the spinal musculature is strengthened 
(Figi. 125 and 126). 

All these exercises are to be carried out slowly and gracefully within 
the limits short of fatigue, and they are supplemented by swimming 
and general calisthenics. They are simple enough to enable the patient 
to learn the routine and to carry them out at home twice dally. More- 
over, the child must be Impressed with the necessity of maintaining 
the attitude of maximum correction at all times, and when he is 
unable to do so, this effort must be supplemented by apparatus. 
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CHAPTER EIGHTEEN 


TREATMENT OF MALIGNANCIES OF' THE SKIN 
Geobge M. MacKee, M.D., and Anthony C. Cipollaro, M.D. 

CANCER OF THE SKIN AND ORIFICIAL MUCOUS 
MEMBRANES 


Foreword 

Throughout this chapter the various physical agents used for the 
treatment of cancer of the skin and orifidal mucous membranes, and 
for the treatment of conditions that might lead to cancer, are men- 
tioned but are not described. A detailed description of these methods 
and agents is given in Chapter i8, Volume I, and Chapter 4, Vol- 
ume IIL Technical details contained in those chapters are not repeated 
here. Also many terms are used in this chapter for which no definition 
U given. Explanations for these terms are contained in the chapters 
mentioned above. 

The family physician, for whom this chapter is written, is often the 
first to be consulted by a patient who has cancer or who has a 
condition that may lead to cancer. It is important, therefore, for the 
practitioner of general medicine to be well acquainted with the clinical 
aspects of these conditions. Many general physicians are excellent 
surgeons, using either the scalpel or surgical diathermy, or both. Only 
experts in the use of roentgen rays and radium are qualified to use 
these agents in the treatment of cancer; but every physician should 
know what is being accomplished with these agents. 

For the reasons enumerated above, considerable attention is given 
to clinical description, and to therapeutic methods that are employed 
by physicians other than specialists. A few statistics are included. The 
“f^usslon of roentgen-ray and radium therapy in relation to the cancer 
problem is general. This discussion gives information with which the 
family physician should be familiar. It must not be construed as an 
attempt to teach the technic of such therapy nor to encourage the 
u** 0! these agents by general physicians. The bibliography contains 
references for those who are particularly interested in roentgen-rav 
Mm mdium treatment 



2 [0bftir IB 

LTolu* n 


Treatment of Malignancies of the Skin 


Mortality and Incidence or Cutaneous Cancer 

The incidence and death rate of cancer Increased markedly In New 
York City between the years 1910 and 1930. Statistics for New York 
City may be taken as a barometer for other large urban centers in the 
United States. Several factors are apparently responsible for this In- 
crease, the most important being the longer expectancy of life. Cancer 
is most prevalent after the age of 40, and a much larger proportion 
of the population now reach the later decades than was formerly the 
case. Improved methods of diagnosis, cancer propaganda and education 
(directed at both the medical and lay public), and better statistics are 
other factors which Influence the incidence and death rate. 

The death rate can be ascertained with a fair degree of * ecu racy. 
In New York City the death rate from cancer was 78 per 100 poo of 
population In 1910. In 1930 the rate had increased to 117 P cr I0 ®i°°P 
population. The actual number of deaths from cancer in New York 
City during the year 1930 was 8,02s. 1 

When cancer as a cause of death in New York City Is compared 
with other diseases, It Is found to rank second to heart disease, to equal 
pneumonia and to be far above tuberculosis. Succinctly, the death rate 
per 100,000 population for heart disease (for 1930) was *441 10T 
cancer, 117; for pneumonia, 116; for tuberculosis, 64. , 

Of the total of 8,025 cases of cancer that terminated fatally v an T 
appeared on the death certificate as the cause of death in New * or 
City in 1930, 363 (4.52 per cent) were cancers of the skin and hucca 
cavity. The tumors in these 363 patients were located as follows: ca - 
cer of the buccal cavity — males, 229; females, 28 (3 J0 P** ^ •'* 
Cancer of the skin — males, 66; females, 40 (1.32 per c ent). 

In the registration area of the United States, there were 7 b r J 74 
deaths from cancer and other malignant tumors (mostly rancer; 
1921. Of these, 2,610 (3.42 per cent) were cancers of the rwxun, 
2,132 occurring in males and 478 In females. Two hundred 
seven deaths (0.38 per cent) were due to cancer of the 
vulva. Malignancy of the skin was given as the cause of deatn 
2,433 cases, or 3.19 Per cent. 

Since cancer Is not a reportable disease, it Is impossible accurai / 
to determine its incidence. Also, at the present writing, it is ^ P 0 *^ , 
to ascertain the total number of cases of cancer of the skin 
orifidal mucous membranes that have been cured. . 

The point to be emphasized here is that approximately 7 
of deaths due to cancer in the United States (19*1 statistics) 
caused by cancer of the skin and orifidal mucous membranes. In 
year ( 1930) there were 363 deaths In New York City caused by cancer 
of these parts. , 

As we shall see later, the therapeutic results in cases of advance 
metastatic cancer are encouraging; In certain morphologic Crt 
logic types of «uch growths the results are excellent. However, there 
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do certain cure for unselected cases of advanced cancer, hence the 
large mortality. Cancer in a very early stage of evolution, before metas- 
tasis has occurred, is usualiy curable. Obviously, therefore, if every 
case of cancer could be diagnosed sufficiently early and adequate 
treatment Immediately instituted, there would be a spectacular drop 
fa cancer fatalities. Such a desirable attainment is very often im- 
possible In the case of cancer of the viscera and other deep structures. 
But it Is possible In the majority of cases of cancer of the skin and 
orifidal mucous membranes. It is even possible to accomplish more 
than this. Many cutaneous cancers develop as a result of a long- 
standing antecedent lesion. These potentially dangerous lesions are 
well known and will be described later. Most of them can be perma- 
nently eradicated. If all or the majority of such conditions were recog- 
nised and destroyed, there would be a substantial reduction in cancer 
incidence. 

The dermatologist can usually make a clinical diagnosis of early 
cutaneous cancer and of conditions that may lead to cancer. When 
this is Impossible, a microscopic examination may help to establish 
the diagnosis. The practitioner of general medicine cannot be expected 
to make all the necessary clinical differentiations between cancer or 
dangerous cutaneous lesions and the large number of benign conditions 
which they may simulate. Proper undergraduate and postgraduate in- 
struction in dermatology, with sufficient emphasis on the conditions 
under consideration, will Increase the diagnostic ability of the physi- 
cian. Periodic health examinations will give the family physician oppor- 
tunity to examine the entire cutaneous surface and the membranes of 
the orifices. The family physidan really should be able at least to 
detect dangerous lesions of the skin and membranes, and to suspect 
the potentialities. He may then request a consultation or microscopic 
examination, or eradicate the condition, according to his training, 
ability, facilities and willingness to assume responsibility. 

When dealing with malignant growths or conditions that may lead 
to such growths, the situation Is so serious — Le., it is so essential that 
Qo diagnostic or therapeutic error be made — that it seems advisable 
for the family physician to request a division of responsibility. 

In recent years several organizations have conducted a determined 
aad comprehensive campaign of cancer education in an attempt to 
reduce the hidden ce and mortality of the disease. This campaign has 
undoubtedly accomplished a great deal of good. It is probable that a 
continuation of the cancer propaganda directed at the lay public win 
Prove helpful, especially if very carefully done. It seems advisable to 
teach the public, with carefully selected words, that cancer is amen- 
able to treatment and that It is often preventable. Rather than attempt- 
teg to teach symptomatology, which so often proves injurious, it seems 
preferable constantly to urge periodic health examinations. These or- 
ganizations can help to educate the medical public by continuing to 
>uggest adequate instruction for the undergraduate medical student, 
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Precancerous Dermatoses 


and suitable postgraduate courses, seminars, symposia ms, addresses, 
articles, monographs and books for the practicing physician* 

Cutaneous Conditions That May Give Rise to Cancer 

The lesions and conditions of the skin and orifidal membranes that 
frequently and occasionally give rise to cancer are known as the p re- 
cancerous dermatoses. The term is a poor one because it implies a 
necessary sequence, whereas in reality even the most dangerous mem- 
bers of the group do not always give rise to cancer, and many of the 
so-called prccancerous dermatoses are hardly more dangerous than is 
normal skin. There are pathologists, dermatologists and cancer experts 
who aver that there is always a precancerous stage to every cancer. 
Often the precancerous condition is visible to the naked eye. At times 
It can be detected only with the aid of a microscope. In support of 
this contention are the so-called nonpigmented melanomas which have 
been shown to arise in defects that are not macroscopic; also the so- 
called nevus tardus — a birth mark which presumably must be present 
at birth but which does not become visible for weeks, months or many 
years after birth. 

Without delving deeper into the academic aspect of this contro- 
versial subject, suffice It to say that dermatologists employ the term 
precancerous derm closes simply for a convenient sobriquet for a 
certain group of conditions for purposes of conversation and teaching. 
WTien teaching medical students or addressing a medical group the 
exact meaning or significance of the term is explained. 

As indicated above, the precancerous dermatoses Include condi- 
tions that frequently give rise to epidermoid carcinoma, either spon- 
taneously or as a result of irritation. Among such conditions are leuko- 
plakia, kraurosis vulvae, senile keratosis, certain roentgen-ray and 
radium injuries, the blue-black mole and so on. At the other extreme 
are relatively benign conditions such as a long-standing ulcer, a large 
scar, and a large number of cutaneous lesions. Any permanent eleva- 
tion nbove the normal surface of the skin, such as a small scar, a 
common mole or even a wart, if frequently irritated or traumatized, os 
might happen on the bearded region of an adult male, might lead to 
cancer. An area of gum constantly irritated over a period of many 
years by a ragged tooth might also give rise to cancer. Such conditions 
ore comparatively free but not entirely free of danger. It is for this 
reason that these and many other more or less similar conditions are 
included in the group of precancerous dermatoses. 

Alphabetical List or Forerunners of Cutaneous Cancer 
Cicatrix 

Cornu cutaneum 
Erythroplasia 
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Farmers’ skin (sailors* sldn) 

Inflammatory dermatoses: 

Eczema 
Lichen planus 
Psoriasis 

Keratoses: 

Arsenical 

Seborrheic 

Senile 

Occupational: 

Tar, pitch, oil, carbon, etc. 

Kraurosis vulva e 
Leukoplakia 
Lupus erythematosus 
Lupus vulgaris 
Nevi 

Papilloma of tongue 
Radlodermatitis 
Sebaceous cyst 

Syphilis (syphilitic leukoplakia, smooth atrophy and interstitial 
glossitis) 

Ulcers (long standing) 

Von Recklinghausen’s disease (multiple neurofibromatosis) 

Xeroderma pigmentosum 

Paget’s disease and Bowen’s precancerous dermatosis have hereto- 
fore been included among the precancerous dermatoses. They are 
excluded here because Pan trier , 3 Massia and Rousset,* Fraser , 4 and 
many others who have made careful studies of these conditions, find 
that they are cancer from the beginning. Massia and Rousset state 
that: “One Is forced to the hypothesis that both affections are cancerous 
from the beginning, and that their origin cannot be other thin in the 
epithelium of tbe skin or the deml-mucosae in such regions as the 
nipples, glands, vulva, anus, axilla, etc.” Tbe subject is under con- 
troversy, but the majority of those who have investigated the two 
diseases agree with the opinion expressed by Masala and Rousset 
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Cancer not infrequently develops In scar tissue, especially in large 
scars resulting from extensive third degree bums, destructive diseases 
such as syphilis and tuberculosis, and severe injuries. Small scars, even 
when keloidal or hyperplastic, are not considered dangerous unless 
frequently trau m at i z e d. The new growth may be sarcoma, but It is 
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usually epithelioma of the squamous-cell variety. Epithelioma, when 
developing In scar tissue, usually evolves slowly probably because of 
the dense sclerotic tissue. But whan the growth Invades normal tl»“' 
it is apt to be rapidly Invasive and me tastasis soon occurs. Cancer 
ocmirnng In scon from burns used to be called Mnrjolln's ulcer. 

Smau, slightly elevated scare that are frequently traumatized may 
be erased and primary union obtained. If there fa a keloidal Idiosyn- 
crasy, hyperpla*. i can often be prevented by the postoperative apphe*' 
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tion of roentgen rays or radium. At times the elevated scar can be 
reduced to the level of normal skin with these agents without resorting 
to wiTgciy*, or the elevated portion may be removed with surgical 
diathermy, especially with a loop electrode, radium and roentgen rays 
being used subsequently to prevent hyperplasia. We are discussing small 
elevated scars such as may occur on the bearded region of the male 
adult and which may be cut frequently with the razor. Such scars, 
when not subjected to frequent irritation or traumatism over a long 
period of time, are probably no more dangerous than Is normal skin. 
Any or all of the therapeutic procedures mentioned above may fall. 
In such a case the lesion may be therapeutically neglected and inspected 
once or twice yearly, or a plastic operation may be performed. 

Large scars should be inspected by the family pbysidan at least 
once a year, or the patient should be instructed to consult his physician 
in case there is any change in the scar. Ulcers, either spontaneous or 
traumatic, which occur in scar tissue and which do not heal in a few 
weeks under the influence of conventional treatment, should, from a 
clinical standpoint, be regarded as the possible early stage of cancer. 
In such instances it is well to make a microscopic examination. Even 
without proof of cancer, when the ulcer refuses to respond favorably 
to the various kinds of medicinal and physical therapy remedies 
recommended for chronic ulcers, it seems preferable to perform a 
plastic operation and remove the danger. 

CORNU CUTANEUM (CORNU HUMANUM) 

The hypertrophy known as the cutaneous born was so named because 
of a faint resemblance to the horns of cattle. Usually the condition 
b classified with the keratoses and warts. The pathologic change, 
however, Is not always that of a keratosis or of a wart. At times the 
arrangement of cells suggests a corn. Like the senile keratoses, the 
cutaneous horn is encountered most frequently in the later decades of 
life, but it is seen occasionally in children. 

Cutaneons horns occur most frequently on the face and scalp, less 
frequently on the penis, scrotum, buttocks and other parts. They are 
usually single. In shape they may be conical, cylindric, straight, 
bristed, angular, or otherwise. They may be of almost any color, most 
commonly yellowish-brown or brownish-black. They may be short or 
^veral inches in length. In size they vary from a tiny lesion suggestive 
°f a filiform wart to one having a circumference of 14 inches, as 
r fported by Rodriguez. 1 The base of the lesion is usually verrucous; 
ihegreater part of the lesion Is composed of keratin. Occasionally, they 
•“^spontaneously never to return; recurrence, however, Is the rule. 
Lebert * estimates that about 13 per cent of cutaneous horns chance 
10 cancer. 

advisable to destroy cutaneous horns. Small lesions may be 
“urpated after being softened with a 10 per cent solution of caustic 
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potash. Trichloracetic add may then be applied to the base. A more 
certain and more popular method of destruction is with electrodesic- 
cation. When carefully done, the result Is permanent and there Is 
either no scar or one that la inconspicuous. When preferred, the lesion 
may be excised. Solid carbon dioxide, radium and roentgen rays hare 
been employed with good results by some. 

ERYTHROPLASIA 
(£pith4Uome papillairc n*) 

Erythroplasia Is an uncommon affection. It was first described by 
Fournier and Darier • in 1893. Queyrat ** made a careful study of th 
condition In 1910 and since then, in this country, the affection has-been 
known as erythroplasia of Queyrat. Sulzberger and Satenstein re- 
ported the first American case. 

The affection attacks especially the glans penis, but may occu 
on the orifidal mucous membranes. At first there may be one or several 
small lesions which gradually extend peripherally. At first only hyper - 
emia may be visible with little edema, thickening or elevation. Late* 
there develops definite Infiltration. The surface Is shiny or velvety aoo 
there may or may not be a serous exudate. Stinging and Itching may 
be present. 

Erythroplasia can be considered as a true precancerosis, do® ® 
every Instance when the patient has been observed for a sufficiCTtiy 
long time, prickle-celt epithelioma with Involvement of the lymph nodes 
has developed. The disease is likely to be mistaken for eczema, syphilis, 
epitheJfoma, moniliasis, psoriasis and tuberculosis. , 

The etiology U unknown and the histology shows at first acantnosis, 
hyperkeratosis, parakeratosis and inflammatory changes. Later dys ter ■ 
atotic changes of a Bowenoid type occur and eventually Infiltrating 
prick! e-cefl epithelioma develops. 
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Treatment consists In complete destruction of the lesions by scalpel 
or electrosurgery. Amputation of the penis is necessary In some cases. 
Topical remedies, x-rays and radium have failed. 

INFLAMMATORY DERMATOSES 

It has been reported that several of the inflammatory dermatoses, 
such as eczema, psoriasis and lichen planus, have become carcinoma- 
tous. The consensus of opinion among dermatologists, however, is that 
the neoplasm develops secondary to a keratosis caused by radio- 
dermatitis or arsenotherapy, or both. It is improbable that these der- 
matoses, per se, ever give rise to cancer except, perhaps, in the case of 
long-standing lichen planus of the mouth. Saad • reports a case of 
buccal lichen planus of three years’ duration in which cardnotna 
developed. 


farmers’ skin (sailors’ skin) 

This condition occurs on the exposed parts of middle-aged and 
elderly persons who have been exposed to the sun for many years 
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have a low actinic toleration. The akin becomes wrinkled 
Q pmnaDfnt lentigo (freckles) and keratoses develop. The 

rendition bears some resemblance to chronic radlodermatltis, senile 
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akin, and xeroderma pigmentosum. It is quite common for epithelioma 
to develop in farmers' skin. The epithelioma may be of the basal-cell 
or squamous-cell type. Squamous-cell growths, when occurring In such 
skin, are ofteD of comparatively low malignancy. The present fad for 
sun bathing and the use of sources of Intense ultraviolet radiation in 
the home may possibly cause a numerical increase of cases of farmers’ 
skin in the future. 

Treatment consists of avoiding direct and strongly reflected sunlight 
or adequate protection against such lig h t Protection may be obtained 
by the use of a walnut stain, or by rubbing a dark-colored cream into 
the akin followed by the application of a dark-colored powder. 

B Icblhynl fr.v B ConueUc brown jr.vffltexT 

Carmine |tjb 

Burnt lutr 5* 

7 Vnr cu 4 or 

Stmrcb (rice) Sill 

Vksefin (white) S 

Lanolin SllJ 

M. SB.: Apply to expoted part* for pro- 
tection a**4n*t ■untight. 

An ointment consisting of equal parts vaseHn and lanolin with 
10 per cent zinc oxide, applied to the skin just before exposure to 
sun, provides sufficient protection in many cases. After the wasa 
has been rubbed into the skin, powdered talc may be applied, 
following cream may be applied so thinly as to be Inconspicuous an 
yet give adequate protection. 

B Salol p r - 

Twnlc add ........... * 

CoU croum C 

M. 

Patients with well-developed farmer*' skin should have 
areas inspected at least once a year. It Is well to destroy tbe k _o V 
with electrodesiccation. An ointment, such as the one subjoined, y 
be rubbed into the akin at night to combat the excessive dryness, 
an almond emulsion may be applied several times dally. 

B L^nofln. aob ydr o a *. . . ■ • Bf 
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mbydran* . 

Odc cnddr 2, 

Btonolb *dx»ibon*t* . , 5fi 
iftxncriam e»rt»*ol* . • #** 

Talc «* 

Sttreh (rice) ••-v--vvf U 
M. *nd pm Uuonib fin* 
fig ■ Apply to ttpajed xa * € 
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KE2ATOSXS 

The lesions known as the keratoses are among the most common and 
roost frequent of the forerunners of cancer. The keratoses 
be discussed here are the senile keratosis, seborrheic keratosis, arsen- 
ical keratosis and the industrial keratosis. 

Senile Keratosis.— The senile keratosis b seen most cp®inonly°iJ 
the face and the backs of the hands in persons past middle me. AU ^ 



Keratoses 


CUpt*r l»t -r -* 
T«iu« nj it 


are perhaps more common in light than in dart skin. They ate seldom 
encountered tn negroes, American Indians and Arabs. The clinical 
appearance depends cm the stage of development. The lesions range 
In site from the head of an ordinary pin to a silver quarter, and 
occasionally larger. They consist mainly of a thickened horny layer, or 
scale, which is firmly adherent. The scale may occasionally exfoliate, 
which gives the impression of Improvement- It is unusual for an un- 
treated senile keratosis to disappear permanently. The lesions may be 
very slightly elevated or considerably so, depending on the amount of 
hyperkeratosis and inflammatory changes. When the lesion consists of 
more than a thickened homy layer, one should suspect the early stage 
of epithelioma; that is, if there is any evidence of acanthosis, or infil- 
tration — any thickening other than that produced by the scale. 

The senile keratosis is a dangerous lesion, especially when situated 
cm the mucous surface of the lip. Many of them change to epithelioma 
sooner or later. It is probable that the neoplasm is always of the 
iquamous-cell type when situated on the mucous surface of the lip. 
When the keratosis is situated In the skin, the resulting epithelioma 
b usually of the squamous-cell type. Eller and Ryan 10 state that it is 
always of the squamous-cell type. 

Senile keratoses of the Up so frequently give rise to cancer that we 
advise the destruction of all such keratoses as soon as detected. Whether 
or not a given senile keratosis of the skin should be destroyed Is a 
matter of Judgment As a general rule it is preferable that they be 
eradicated, especially when the patient has a reasonably long expect- 
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ancy of life. A very old person may have one, several or many lesions. 
In such instances It is often advisable to keep the patient under 
observation and treat only the lesions that appear to be changing 
from keratosis to cancer. Many senile keratoses never give rise to 
cancer. When cancer does develop on a senile keratosis, the evolution 
is usually slow so that the physician has plenty of opportunity to 
detect the transition, provided the patient remains under observation. 

One of the best treatments for senile keratosis Is electrodesiccation. 
The area Is first cleansed properly, then procainized. The lesion Is 
next thoroughly dehydrated with the electrodesfccating current The 
mummified tissue is removed with curet or scissors, and the base of 
the wound is again electrodeslccated. When there is the slightest 
suspicion of epithelioma, the treatment Is, of. course, that advised for 
malignant neoplasms. Many persons, especially society women with 
leskms on the face, -prefer to avoid scars or any permanent defect 
such as depigmentation. However, when treating a senile keratosis It 
Is advisable to concentrate on a permanent cure rather than on avoid- 
ing a permanent defect Radium and roentgen rays are efficacious, 
when properly applied, for selected cases. The same statement may be 
made for solid carbon dioxide, the electric cautery, and various calo- 
rics. Persons who have a tendency to develop senile keratosis on the 
mucous membrane of the Up and on the skin should avoid excessive 
exposure to strong actinic light, and it is well to apply ointments and 
creams frequently. 

Seborrheic Keratosis. — As a rule seborrheic keratoses are divided 
Into two main varieties — hyperkeratotic and nevoid. The hypcrk& a ' 
totic variety wfll be described first. This type of keratosis Is most com* 
mon on the face, scalp and trunk. Seborrheic keratoses may develop 
as early as the third and fourth decades, but they are far more com- 
mon in middle-aged and elderly persons. They are, perhaps, mo** 
common on very oily (seborrheic) skins. In size, they correspond with 
the senile keratosis. The color Is usually dark brown. The scale js 
usually waxy or greasy and, as a rule, it can be rather easily removed- 
The scale often sheds spontaneously but almost invariably recurs. Tne 
lesions are wcD circumscribed and only slightly elevated as a rule, tx* 
casionally, one encounters a seborrheic keratosis that is verrucous. 

The seborrheic keratosis Is not very dangerous. Some dermatology 
aver that they never give rise to epithelioma. The majority of derma- 
tologists, Including the writers, are of the opinion that an unknown 
percentage of these lesions do give rise to epithelioma which, however, 
Is usually of the basal-cell type. , 

Obviously, It is Important to distinguish between a seborrheic and o 
senile keratosis. Usually they can be differentiated clinically bv u* 
gray, dry, adherent scale of the senile keratosis, as compared with tne 
dark-brown, waxy, removable scale of the seborrheic keratosis. ^ 
times it Is impo-rible to make the distinction. In such instances it is 
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ptefecable either to regard the lesion as of the senile type or to mate 
a microscopic examination. 

From the standpoint of danger it is not necessary to remove sebor- 
rheic keratoses, provided the lesions are occasionally inspected. As 
a rule, however, it is preferable to destroy them In order to prevent 
possible development of basal-cell epithelioma, and even squamous- 
cell epithelioma, and, also, for cosmetic reasons. When situated on 
the exposed parts, especially in women, it is advisable to avoid leaving 
a scar if possible. 

In tbe early stage of evolution it is possible permanently to remove 
many lesions simply by the application of trichloracetic add. When the 
scale is quite thick, It is preferable first to remove the homy layer 
with a curtft and then apply the add. Often this can be done without 
a local anesthetic. Radium is frequently efficadous but recurrences 
are common. When carefully applied, the lesion is apt to disappear 
without leaving a trace. Solid carbon dioxide Is used for this purpose 
by some dermatologists, but it Is not a popular remedy. Tbe most 
popular agent und probably tbe one that is most certain permanently 
to cure the lesion Is electrodesiccation. 

Nevoid Keratosis. — This variety' of keratosis occurs on the face 
and trunk of people over 30 years of age, most commonly after the age 
of 50. In size the lesions range from the head of an ordinary pin to a 
fifty-cent piece and even larger. They are sharply marglnated, consid- 
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erably elevated, usually dark brown or brownish -black in color, often 
shiny and smooth. Usually there is no perceptible thickening of the 
horny layer — no scale. They should be differentiated from nevi, which 
they rather closely resemble. As in the case with the other varieties of 
keratosis, there may be a single lesion, a few or many. 

It is probable that the percentage of cases of epithelioma arising 
from the nevoid keratosis is small. It Is also probable that the majority 
of such epitheliomas are of the basal-cell type. 

The nevoid keratosis is not, therefore, considered a very dangerous 
lesion. However, inasmuch as they are unsightly and, particularly, 
because they may give rise to cancer, possibly of the sqaamous-cdl 
type, it is customary to destroy them. Under local anesthesia the lesion 
is dehydrated with electrodesiccation or coagulated with electrocoagu- 
lation. It is then removed with the curet, and the base of the wwjnd 
is electrodesiccated. They may also be excised. Finally, they may be 
let alone and Inspected once yearly. Radium and roentgen rays ait 
not very effi cacious. 
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Arsenical Keratoses. — Arsenic, no matter how administered, if 
taken in large doses or over a long period of time, especially in IdtO' 
syncratfc persons, may cause keratoses. Most of the arsenical keratoses 
have been caused by the oral administration of arsenic (Fowler’* sow* 
tion; Donovan's solution; sodium arsenate, etc.) In small, modern e 
and large doses for long periods of time without suitable rest period*. 
Arsenic, a* a rule, should be given In courses with interval* of ooe 



Keratoses 


%t£S] is 


or several months between courses. Also, the patient should be care- 
fully observed for low toleration. 

The keratoses show a predilection for palms and soles. Occasion- 
ally, the affection Is more or less generalized. It is often accompanied 
by widespread, punctate pigmentation of the trunk. The characteristic 
picture Is excessive dryness of palms and soles with almost innumerable 
punctate, deep-seated keratoses. Occasionally, very large thick lesions 
are encountered. Both basal-cell and squamous-cell epitheliomas are 
prone to develop on arsenical keratoses. 

The affection is treated with copious applications of grease. The 
patient Is kept under observation, and Individual keratoses that are 
active — that Is, those that continue to evolve — are destroyed with 
electrodesiccation. The area should be procalnlxed and the keratosis 
ibcruld be completely eradicated. In recent years It has been customary 
to administer intravenously a freshly prepared solution of sodium 
thiosulphate; but no one has yet conclusively proved that such treat- 
ment has any Influence on arsenical keratoses or that the formation of 
additional lesions can In this way be prevented. 


Industrial Keratoses (Industrial Keratoderma ; Occupational 
Keratoderma) . — Keratoses often precede the development of Indus- 
trial cancer of the skin. That cancer of the skin is a problem of some 
magnitude in Industrial medicine can be appreciated by a review of 
the Industries In which this condition develops. Workers come In con- 
tact with tar In the following occupations: Anthracite laborers, aniline 
dye workers, benzine distillers, chimney sweeps, coal oil workers, creo- 
sote workers, gas-works stokers, lampblack workers, pitch handlers, 
sprinklers of soot (gardeners), paraffin workers, road tar sprayers, 
tar distillers and many others. 

Workers come in contact with arsenic In the following occupations: 
sheep-dip workers, workers In Paris green, those who make or handle 
■wall paper, smelters of ores, furriers, tanners, tree and shrubbery 
sprayers, taxidermists, etc. 

In addition to keratoses caused by tar products and arsenic, there 
are those occurring In persons working with roentgen rays and radium, 
In shale-oil workers and so on. 

Persons who work in these various industries and who show a 
tendency to develop keratoses In spite of proper hygiene should change 
thdr occupation. 

Cancer In these cases, which is usually of the squamous-cell type, 
» usually preceded by a long-standing follicular dermatitis or follicular 
k«atodenna. Occasionally, keratoses of the senile type occur. The 
dermatitis or keratoderma may disappear with change of occupation, 
cleanliness and soothing topical remedies. If not, the patient must 
^mam under observation. Keratoses, ulcers that refuse to heal, and 
modules should be excised or destroyed with electrodesiccation or 
“Ktrocoagulntion. 
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erably elevated, usually dark brown or brownish-black in color, often 
shiny and smooth. Usually there Is no perceptible thickening of the 
homy layer — no scale. They should be differentiated from nevi, which 
they rather closely resemble. As in the case with the other varieties of 
keratosis, there may be a single lesion, a few or many. 

It is probable that the percentage of cases of epithelioma arising 
from the nevoid keratosis is small. It Is also probable that the majority 
of such epitheliomas are of the basal-cell type. 

The nevoid keratosis is not, therefore, considered a very dangerous 
lesion. However, inasmuch as they are unsightly and, particularly, 
because they may give rise to cancer, possibly of the squamous-cell 
type, it is customary to destroy them. Under local anesthesia the lesion 
is dehydrated with electrodesiccation or coagulated with electrocoagu- 
lation. It Is then removed with the curet, and the base of the wound 
is electrodesiccated. They may also be excised. Finally, they may be 
let alone and inspected once yearly. Radium and roentgen rays are 
not very efficacious. 
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Arsenical Keratoses. — Arsenic, no matter how administered, 
taken In large doses or over a long period of time, especially in 
syncrntlc persons, may cause keratoses. Most of the arsenical keratoses 
have been caused by the oral administration of arsenic (Fowleris solu- 
tion; Donovan’s solution; sodium arsenate, etc.) In small, modern^ 
and large doses for long periods of time without suitable rest period^ 
Arsenic, as a rule, should be given in courses with Intervals of 
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in the same manner. Small areas of leukoplakia may be destroyed 
with radium, the electric cautery or with electrodesiccation, the last 
being the most popular method for the purpose. Large areas of 
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KRAUKOSI5 VtTLVAE 

This malady involves the mucous membrane of the female external 
genitalia. It seldom occurs before the age of 40 or 50. The first symp- 
tom may be a recalcitrant pruritus which becomes very annoying. The 
membrane becomes atrophic, sclerotic, pale, and leukokeratotic. The 
leukokeratotic changes are probably identical with leukoplakia of the 
buccal mucosa. The incidence of squamous-cell epithelioma In this 
affection has been estimated to be about 10 per cent. 

As a rule, it is well to treat this disease conservatively and to inspect 
the involved parts at least every six months. Excellent local hygiene 
is indicated. Itching may be relieved with nonirritating topical anti- 
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pruritics such as lotions and ointments containing small quantities 
of menthol, butesln, anestheain, phenol, etc. Roentgen rays may be ojetj 
as an antipruritic if necessary, but such treatment should be limnea 
to one or two short courses of fractional doses. Alcohol injections® 1 *^ 
resections of the sensory nerves of the perineum are other methods 0 
controlling vulvar pruritus. Radium may be of value for small areas 
of leukoplakia. Ulcers and erosions that do not heal quickly sbouw 
be excised or destroyed with the actual cautery or with hfgh-frequen^j 
electricity, preferably the latter. Vegetations and nodules are tre*t« 
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uous as a rule. The affected area may develop fissures, erosions or 
ulcers, or it may become verrucous or vegetating. Such lesions are 
especially dangerous, but it should be borne in mind that epithelioma 
may develop suddenly and rapidly in an apparently inactive patch of 
leukoplakia. When epithelioma develops in leukoplakia it is always 
of the squamous-cell type. As a rule, the early evolution of the cancer 
is slow; occasionally, it is rapid. 

The affection must be differentiated from lichen planus, lupus 
erythematosus, aphthous ulcers, moniliasis, and Vincent’s angina. The 
mouth lesions of lichen planus are punctate, striated, annular, papular, 
and usually accompanied by skin lesions. Lupus erythematosus rarely 
involves only the mucosa. The lesions are more inflammatory — con- 
gestion, edema, and erosions. The other diseases may be differentiated 
by acute symptoms, concomitants, and bacteriologic examinations. 

Treatment. — It is customary to destroy small patches of leuko- 
plakia with electrodesiccation or with the electric cautery. Many such 
lesions may be permanently cured with a single, intense application of 
the beta or gamma rays of radium. If, however, the lesion is stubborn, 
it is preferable to resort to the previously mentioned treatment rather 
than gjve repeated applications of radium. Large quiescent areas may 
be treated with radium, but it is preferable to treat them pallia- 
Uvely. Dental hygiene must be perfect Tobacco is prohibited. Active 
areas should be excised or destroyed by the methods enumerated above. 
Treatment that Is Incapable of completely destroying the lesion should 
be avoided. If the patient has syphilis, modern antisyphflltic treatment 
is indicated. The mouths of patients with leukoplakia should be 
inspected every few months. 

llUCEIiAN'KOUS MOUTH CONDITIONS 

Chronic gingivitis, pyorrhea alveolaris, apical abscess, sinuses, 
fistulas, erosions, ulcers, decayed teeth, etc., favor the development of 
cancer. 

The dental profession deserves a great deal of credit, not only for 
superb mechanical ability, but because of the recognition that perfect 
oral hygiene is an exceedingly important health factor. The modern 
dentist urges his patients to have the teeth cleaned by a prophylactic 
dental nurse at least twice yearly, at which time the dentist inspects 
the entire mouth. Undergraduate and postgraduate instruction in 
diseases of the oral mucosa is given in many dental schools and dental 
societies. This knowledge, together with periodic dental examinations, 
should materially lessen cancer Incidence. The dentist has the oppor- 
tunity to detect many of the conditions that lead to cancer. Some of 
these must be treated by the dentist; others should be called to the 
attention of the family medical adviser. 

*9n 
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leukoplakia, in the absence of ulcers, erosions, fissures, vemicocs 
excrescences and vegetations, may be let alone and kept under obser- 
vation. It Is preferable, however, to perform a partial or complete 
vulvectomy followed by plastic repair. Such operation Is essential when 
there Is widespread leukoplakia, sclerosis and areas of erosion, ulcera- 
tion and other danger signs. 


LEUKOPLAKIA (LEUKOKERATOSW) 

It Is the consensus of opinion that leukoplakia of the mouth may 
occur in both syphilitic and nonsyphUitic persons, and In smokers as 
well as non-smokers. Its etiology has not been definitely determined 
Presumably it can be caused by syphilis and by local Irritation. As a 
rule, antisyphilitic treatment has little if any effect on leukoplakia. 
When occurring in syphilitic persons, It Is often associated with inter- 
stitial glossitis' and smooth atrophy, a triad that Is probably more 
dangerous than uncomplicated leukoplakia. 

It is a fairly common affection In men; only about five per cent of 
the cases occur In women. While leukoplakia fa dangerous, it fa prob- 
able that many cases, perhaps the majority, never develop cancer. 



Leukoplakia may occur in one or several very small patches on , 
tongue, lips, or mucous surfaces of the cheeks; or most of 
cavity may be Involved. Small patches on the gums, under the 
on the roof of the mouth, behind the molars, etc., may escape caroeM 
examination. . 

The patches are white, usually margins ted, Irregular In sfae 
shape, slightly thickened, and a trifle rough. The patient fa often VtT 
scious of the affection, although subjective symptoms are not ccnspn- 


Nevi 
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aD other scars and sclerosed tissue, cancer In lupus vulgaris, probably 
because of the dense fibrous tissue and sparse blood vessels and 
lymphatics, Is likely to evolve slowly at first and to be of a com- 
paratively low degree of malignancy. 

The early stage of cancer in these cases is often mistaken for active 
lupus. Indeed, the clinical diagnosis may be difficult. Warty excres- 
cences, a vegetating tumor, a pearly nodule, or a stubborn ulcer having 
an Indurated margin, when occurring in a patch of lupus vulgaris or in 
scar tissue left by the disease, should be regarded with suspicion. In 
all such cases a biopsy should be performed. The treatment is that 
recommended for cancer — excision, plastic surgery, surgical diathermy 
and, in selected cases, roentgen rays and radium. 

NEVI 

Of the many forms of birth marks, the most dangerous is probably 
the almost flat, smooth, hairless, blue-black mole. Many of the mel- 
anomas have their origin in lesions of this type. While malignant 



change may be spontaneous, it is much more likely to follow trauma- 
tism, frequent Irritation or injudicious treatment. 

If such a lesion is quiescent and in a location where it will not be 
Irritated, it may be let alone. But when there is the slightest evidence 
of activity, such as increase In size or thickness, ulceration, crusting, 
etc. (Hutchinson^ malignant lentigo 1, or if there Is possibility of re- 
peated injury, the lesion should be radically destroyed. As a rule, it is 
preferable to remove malignant lentigo. This may be accomplished by 
^ ; w ^ c >deep excision or it may be radically destroyed with surgical 
diathermy. Radium and roentgen rays have produced excellent results 
« some cases. 

There Is a controversy relative to the advisability of removing an 
jj-PParently quiescent blued) lack mole. In the past, attempts at removal 
kf^heen so often followed by recurrence and metastasis that many 
pl^idans prefer to do nothing. While ft is true that many of these 
«iocs never give rise to melanoma, very frequently indeed they do so. 
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LUPUS EHYTHEMATOSUS 

Epithelioma of the squamous-cell type occasionally develops In the 
sclerotic tissue caused by the discoid variety of lupus erythematosus. 
The neoplastic evolution is at first slow, but os soon as normal tissue 
becomes involved the growth becomes fairly rapidly invasive. Lite 
most epitheliomas that develop in scar tissue, the grade of mali g n a n cy 
fs comparatively low. A persistent ulcer or erosion, a noduie or a 
vegetation, occurring in an area of lupus erythematosus or In sclerotic 
tissue resulting from a patch of lupus erythematosus, should be excised 
or destroyed with surgical diathermy. Roentgen rays or radium may 
be used, but the result is less certain. 

It has been said that epithelioma, when apparently caused by lupus 
erythematosus, is really due to excessive roentgen-ray or radium treat- 
ment. Undoubtedly this Is true in some cases, but epithelioma occurring 
in cases of lupus erythematosus has been reported in the absence of 
such treatment Squamous-cell carcinoma occurs as a complication of 
lupus erythematosus in about 4 per cent of the cases. 



Gold and bismuth therapy have replaced, for the most 
other therapeutic agents for this disease. Roentgen rays and ra 
are very seldom used for this purpose. Intravenous Injection °l 
sodium thiosulphate cures or controls many If not most °f the 
It will be Interesting to compare lupus cancer statistics of the pas 
with those compiled during the next twenty-five years. 

LUPUS VULOASUS 

It has been estimated that squamous-cell epithelioma develop* 
about 2 per cent of cases of lupus vulgaris. It Is undoubtedly 
that some of these cancers are due to the excessive use of roentgen rays 
or radium. On the other hand, cancer in lupus vulgaris lesions or fjl 
was reported before the advent of roentgen rays and radium- As 
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The blue-black mole should never be treated with caustics nor should 
Jt be squeezed. It should be let alone or completely removed. 

The very common mole — pinhead- to split-pea -sized, elevated, 
smooth, more or less pigmented (various shades of brown) with or 
without hairs — is not considered dangerous unless subjected to re- 
peated irritation. Large brown nevi, fiat or elevated, with or without 
hair, in the absence of traumatism, are not very dangerous lesions. 
Cerebriform and other soft nevi are dangerous, as a rule, only when 
irritated or injudiciously treated. The same statement may be repeated 
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When we are certain of the diagnosis, we prefer to remove this type 
of lesion by scalpel surgery provided, of course, that the location and 
size are suitable for such treatment An indsion is made through the 
skin at least one-quarter inch beyond the well-defined margin of the 
lesion. The incision then extends outward and downward to the musde. 
When the tissue is removed, the lower portion will be wider than the 
upper portion. The excision is made In this way because occasionally 
the pigment-bearing cells may follow nerves and blood vessels down- 
ward and outward. The tissue should be examined immediately by 
frozen section or with a powerful magnifying lens, and, later, serial 
sections should be carefully examined under the microscope. Id this 
way the diagnosis Is established; also it is ascertained whether or not 
the lesion was completely removed. If not completely removed, a wider 
excision is made. The excision may be made either with a scalpel or 
with the cutting current We prefer the former because surgical dia- 
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thermy In any form may Interfere with a satisfactory microscopic ex- 
amination. , 

As a rule, the blue-black mole is a small lesion (pinhead-sized or 
split -pea-sized). Occasionally, they are much larger — too large or 
excision. Occasionally, too, the situation precludes ordinary exas*o 
In such instances the lesion may be let alone and kept under observe 
tkm, or it may be removed by plastic surgery, depending on the judg- 
ment of the physician and the attitude of the patient and family. 

The blue-black or gun-metal or slate-colored mole may be confused 
with dark-brown, much lets dangerous nevL It may be closely suuo 
lated, at times, by a tiny sebaceous cyst that happens to contain pig 
ment or In which the refractive index Is such as to produce a bla®£ 
black appearance; also, very small hemorrhagic cysts may simulate 
malignant lentigo. The diagnosis, therefore. Is not always easy. 

aides may be present at birth or they may appear months or 
years, sometimes many years, after birth. 
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be treated, as a means of cancer supervention, depends upon type, 
location, condition and the judgment of the physician. In selecting 
treatment for a given lesion, it is well to choose a method that is uni- 
versally recognised as safe and proper. Many deaths have been caused 
by the Incomplete destruction or the irritation of dangerous types of 
Devi with adds, solid carbon dioxide, electrodesiccation, electrolysis 
and other inadequate methods. 

PAPILLOMA OF THE TONGUE 

These lesions may be single or multiple. They are usually situated 
on the dorsal surface in the area of papillae. They are considered 
slightly dangerous because they are so likely to be repeatedly irritated 
or traumatized. It la advisable to destroy them with electrodesiccation. 
They may, of course, be excised either with scalpel or with the cutting 
current 


RAD 10 DERMATITIS 

This term Includes all cutaneous injuries caused by roentgen rays 
or radium. A description ol radiodermatltls is given In Chapter 4, 
Volume III. Severe acute radiodermatitis may result In an ulcer which 
never heals. Such an ulcer is dangerous because cancer Is likely 
eventually to occur. Even when the ulcer heals, it leaves a scar that is 
far more dangerous than are ordinary scars. It Is advisable to excise 
ulcers of this kind, by a plastic operation If necessary. By so doing, the 
patient is spared both time and severe pain; and, also, danger of 
•subsequent cancer Is removed. 

A dangerous sequel of excessive roentgen-ray or radium treatment is 
the so-called roentgen-ray or radium skin. This consists of atrophy or 
sclerosis, telangiectasia and keratoses. These sequelae may result from 
an acute reaction with or without ulceration, or they ma^ be the result 
of too many fractional treatments with or without a mild first degree 
reaction. 

Permanent roentgen-ray and radium injuries should be occasionally 
Isspected. In many instances the skin remains slightly atrophic and 
perhaps telangiectatic throughout the remainder of the patient’s life, 
without the development of lesions that are dangerous. On the other 
keratoses may develop. These keratoses may or may not lead to 
oncer. They frequently do so. They should at least be kept under 
observation. As a rule it is advisable to destroy them. This can be 
done with eiectrodeslccation. In our opinion, radium and roentgen rays 
contraindicated for this purpose. 

Skin that has been badly injured with roentgen rays or radium is 
nxeiy to ulcerate when irritated or traumatized. It may ulcerate spon- 
janeoiuly The ulcer may or may not heal. If It does not heal it Is 
vwy hkely to end In cancer. 
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for verrucous nevi. Cancer rarely, if ever, develops on vascular nevi 
and lymphangiomas. 

Nevi of various types are exceedingly common. Almost every person 
has at least one mole of the common variety. It is by no mean s neces- 
sary or advisable to destroy all moles, but their Inspection should be 
a part of periodic health examinations. Whether or not a nevus should 
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be treated, as a means of cancer supervention, depends upon type, 
location, condition and the Judgment of the physician. In selecting 
treatment for a given lesion, it is well to choose a method that is uni- 
versally recognized ns safe and proper. Many deaths have been caused 
by the Incomplete destruction or the irritation of dangerous types of 
nevi with adds, solid carbon dioxide, electrodesiccation, electrolysis 
and other Inadequate methods. 

PAPILLOHA OP THE TONGUE 

These lesions may be single or multiple. They are usually situated 
oo the dorsal surface in the area of papillae. They are considered 
slightly dangerous because they are so likely to be repeatedly irritated 
or traumatized. It is advisable to destroy them with electrodesiccation. 
They may, of course, be excised either with scalpel or with the cutting 
current 


EADIODERilATITIS 

This term indudes all cutaneous injuries caused by roentgen rays 
or radium. A description of radJodermatitis is given in Chapter 4, 
Volume III. Severe acute radiodermatitis may result in an ulcer which 
never heals. Such an ulcer is dangerous because cancer is likely 
eventually to occur. Even when the ulcer heals, it leaves a scar that is 
far more dangerous than are ordinary scars. It is advisable to excise 
deers of this kind, by a plastic operation If necessary. By so doing, the 
Patient is spared both time and severe pain; and, also, danger of 
•subsequent cancer Is removed. 

A dangerous sequel of excessive roentgen-ray or radium treatment Is 
the so-called roentgen-ray or radium skin. This consists of atrophy or 
sclerosis, telangiectasia and keratoses. These sequelae may result from 
an acute reaction with or without ulceration, or they may be the result 
of too many fractional treatments with or without a mild first degree 
reaction. 

Permanent roentgen-ray and radium injuries should be occasionally 
in *pected. In many instances the skin remains slightly atrophic and 
Perhaps telangiectatic throughout the remainder of the patient’s life, 
the development of lesions that are dangerous. On the other 
baix l’ keratoses may develop. These keratoses may or may not lead to 
c f° ctr - They frequently do so. They should at least be kept under 
observation. As a rule ft is advisable to destroy them. This can be 

°ne with electrodesiccatlon. In our opinion, radium and roentgen rays 
^icmfralndlcated f or this purpose. 

Skm that has been badly injured with roentgen rays or radium is 
1 t0 ulcerate when irritated or traumatized. It may ulcerate spon- 
The nicer may or may not heal. If it does not heal, it is 
likely to end in cancer. 
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When skin of this type shows a tendency to ulcerate or to form 
frequent and numerous keratoses, it is advisable to remove it by ex- 
cision or by a plastic operation. If thU is Impossible, the keratoses 
should be destroyed and the patient kept under observation. 


sebaceous cysts (steatoma; atheroma; wen) 

RIckeT and Schwalb 11 report 43 cases of sebaceous cyst in which 
cancer developed In the cyst -nail. Caylor reported 12 similar cases. 15 
When cancer occurs It Is usually a squamous -cell epithelioma although 
basal-cell epitheliomas have been reported. Malignant change occurs 
more often when the cyst first undergoes ulceration. Sebaceous cysts 
are exceedingly common, and they are easily removed by excision. 
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Cartcer Is a frequent complication of interstitial glossitis, and smooth 
atrophy of the tongue of late syphilis. The same may be said of syph- 
ilitic leukoplakia. The management of leukoplakia has been already 
discussed. Little can be done for the other two conditions. The patient 
should be kept under observation and, of course, he should receive 
antisyphilitic therapy. Early cancer of the tongue In these cases is 
frequently mistaken for gumma or other manifestation of syphilis, a 
mistake that can be avoided by microscopic examination. Many der- 
matologists believe that the administration of arsenic increases the 
danger of cancer in cases of syphilitic glossitis, smooth atrophy and 
leukoplakia. We doubt the contention. 

Cancer may occur In scars left after the healing of destructive lesions 
° rJr* 5, A k°’ cancer 1ms been reported in cases of gumma; but 
most of these reports were of tongue cases and it is probable that 
were cases of squamous-cell epithelioma occurring in interstitial 
glossitis rather than in a gumma. 


ULCERS AND FISTULAS 

... <asa of Kfuamous-celi epithelioma developing in long-stand- 
nill^ riC ° 5 ' i 1110 '” 0f tie Ie * havc bMn reported. The incidence of 
JmXT 07 b v "y 5maU when OT ' considers the frequency with 
"* aJlei varicM ' ok" occurs. In the Uteratae o Z fads 
tyS- il'P? 5 ° mrta = t ” tlc cancer occurring in ulcers of various 
’ Pf s *r OT V ,cer5 ’ nf aerations to acrodennatftis 

aourse ulcil. liV ^'roderma, third degree bums and, of 
. ulcers caused by roentgen rays and radium. 
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Cancer following long-standing fistulas and sinuses caused by disease 
or injuries has been frequently reported We recently saw a case of 
osteomyelitis, the result of an accident, which had failed to respond to 
the usual treatment. A, sinus formed, followed by squamous-cell 
epithelioma of relatively low-grade malignancy, necessitating amputa- 
tion of the leg. 
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VON HECKLIN’ CHAU sen’s DISEASE (MULTIPLE NEUROFIBROMATOSIS) 

Hosol 11 reports 65 coses of this affection in which sarcoma de- 
veloped. He states that sarcoma develops in 13 per cent of the cases of 
multiple neurofibromatosis. This figure seems high to us. We have seen 
many cases of multiple neurofibromatosis but we have not seen a 
single case of associated sarcoma. 

It may be that of all cases of von Recklinghausen’s disease in which 
tumors are excised, 13 per cent become sarcomatous after surgical 
interference. Hosol reports one case in which sarcoma developed one 
year after the excision of a tumor. It has been observed by others 
that removal of a tumor by surgical excision may result in sarcoma. 
These sarcomas are not very malignant and seldom undergo metas- 
tasis, yet the prognosis is poor. Recurrence after repeated operations 
is the rule. If death does not result from metastasis, it follows opera- 
tive and postoperative complications. 

The course of von Recklinghausen’s disease Is not modified by treat- 
ment of any kind. It would seem that surgical intervention were contra- 
indicated. 

XERODERMA PIGMENTOSUM 

This rather rare affection is thought to be due to congenital lack of 
resistance to sunlight. It begins early in life, there is a predilection 
for the exposed parts and it is incurable. The affection simulates 
chronic radiodermatitis, sailors’ or fanners’ skin and senile skin. 
Pigmentation and atrophy are first noted. This is followed by kera- 
toses and epithelioma, usually of the basal-cell type. 

Vey little can be done for these unfortunate children. Only those 
with a mild example of the affection reach adult life. These patients 
should be thoroughly protected from even indirect sunlight. Prefer- 
ably they should be exposed only to artificial light which contains 
few If any actinic rays. When in the open they should wear gloves, 
tieevea, dark-colored veils, etc. Keratoses, epitheliomas and ulcera- 
tions should be destroyed as soon as detected. This can be done, as a 
huc* with electrodesiccation. 


MISCELLANEOUS CONDITIONS 

The skin of elderly persons may show atrophy, permanent freckles 
,v®kgo) and keratoses. The condition is usually more pronounced on 
I * aoe hands, although it may occur on the trunk and, in fact, on 
^most any part of the body. It may occur In those who have never 
7 ^ Qpos^d very much to actinic rays. It resembles sailors' skin and 
*^nown, simply, as senile skin. Occasionally It begins between the 
of *5 and 50, wfthout apparent reason. This has been called pre- 
skin. The keratoses occurring in such skin have the same poten- 

85 wnile keratoses and are treated in the same manner 
**71 
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Permanent freckles, with predilection for face, shoulders and backs 
of hands, may be a manifestation of senile skin or of farmers’ skin. 
They occur mostly after the age of 60, although they are fairly com- 
mon at 40 and 50. Occasionally one of these pigmented macules may 
change to a keratosis and the latter may give rise to cancer. However, 
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^ happens so seldom, that it is not necessary to treat a permanent 
unless a keratosis develops. 

Sebaceous adenomas are pinhead-sized, umbUJcated papules seen 
frequently on the forehead of middle-aged and old persons. The 
l°f ** about that of normal skin. We think that we have seen 
twf !oma ^ cv ’ e ^°P bi these lesions. The condition Is to be differen- 
from adenoma sebaceum. 
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Lesions falling In the category of multiple benign cystic epithelioma 
— tricho-epitbelioma; syringocystoma, etc. — occasionally change to a 
malignant neoplasm, usually basal-cell epithelioma. The same is true 
for certain endotheliomas. In fact, there are a large number of benign 
lesions such as fibroma, neurofibroma, fibroxanthoma, etc., that may, 
under certain conditions, give rise to cancer. However, none of these 
lesions is considered dangerous unless repeatedly irritated over a 
long period of time. Paraffinoma has been known to change to cancer. 
Cancer has been reported in cases of Darier’s disease (keratosis follic- 
nlaris). Acanthosis nigricans In adults usually indicates cancer of the 
viscera. 
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Cutaneous Malignant Neoplasms 

General Therapeutic Considerations. — -In the pest, dermatologists 
and others treated cutaneous cancer with the method with which they 
were most familiar, regardless of type, size, depth and location of the 
lesion. Thus the surgeon always employed the scalpel, the roentgenol- 
ogist depended solely on roentgen rays, the radium specialist used 
only radium, the diathermy enthusiast Insisted on the use of surgical 
diathermy and so on. The same statement is true today but to a lesser 
degree. Statistics show that excellent results may be obtained in 
properly selected cases with any of these methods when expertly 
applied. The results are not so good In unselected material. There Is 
no best method for the treatment of unselected cases of cutaneous 
malignant neoplasms. Any one method or a combination of methods 
may be the best procedure for an individual case. The physician who 
has had extensive experience with all the recognized methods of treat- 
ing malignant neoplasms of the skin and orifidal mucous membranes, 
and who Is thoroughly acquainted with the clinical and histologic char- 
acteristics of such neoplasms and the conditions that may cause them, 
is in a position to employ discriminating judgment and to obtain the 
best results. Undoubtedly statistics will Improve when every physician 
who attempts the management of cutaneous cancer possesses this com- 
prehensive ability. Here, too, there is need for more and better post- 
graduate instruction. 

The recognized methods of treating cutaneous malignant neoplasms 
are scalpel surgery, surgical diathermy, roentgen rays and radium. 

Roentgen Raya. — Roentgen rays are satisfactory for many basal- 
cell epitheliomas. Small superficial growths may be treated with un- 
fit te red radiation. Moderate or heavy filtration Is preferable for thick 
or deep-seated lesions. It seems that approximately the same results 
are obtained by large doses administered at intervals of two or more 
months or by smaller doses so spaced that an Intense effect Is obtained 
In a week or two (fractionation). It should be emphasized that when 
a lesion falls to respond favorably to treatment that should be ade- 
quate, the treatment should be discontinued. When containing squa- 
mous cells, when Involving cartilage and other subcutaneous structures, 
and when composed of hard nodules, basal-cell epitheliomas are likely 
to resist roentgen rays. Many basal-cell epitheliomas will disappear with 
hardly a trace as a result of roentgen-ray therapy; but the cosmetic 
result is occasionally disappointing because of atrophy and telangiec- 
tasia subsequent to radiation, and scarring caused by the disease. 

Roentgen rays produced by very high voltage, and heavily filtered, 
are very useful for selected cases of squamous-cell epithelioma and, 
also, for Inopf- able cases. 
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Radium. — In general, what has been said relative to roentgen rays 
may be repeated for radium. Radium Is the more preferable of the two 
agents for unselected cases of cutaneous squamous-cell epithelioma. 
It can be used in locations that are inaccessible to roentgen ray's. 
There is better opportunity for cross-fire, radon implants may be used, 
there is greater penetration, and so on. For selected cases, assuming 
proper facilities and expert ness, the results are probably approximately 
the same with either agent. It may be interjected that the facilities 
and skill required for the modem roentgen-ray and radium treatment 
of souammiS'Cell epithelioma, even of the skin and orifidal mucous 
membranes, are so exacting that they' are found in comparatively few 
medical institutions and private offices. In the near future It may be 
possible to employ’, In practical work, roentgen rays produced by a 
million or more volts and filtered with heavy' metal of considerable 
thickness. Such radiation will compare favorably in penetrability with 
heavily filtered gamma rays. 

Surgical Diathermy. — The production within the tissue, by means 
of a high-frequency current, of an amount of heat sufficient for de- 
structive purposes, Is known as surgical diathermy. Three forms of 
surgical diathermy’ are universally employed. They have been desig- 
nated electrocoagulation, cutting current and electrodesiccation. The 
first two depend on current obtained from various parts of the primary 
winding of the high-frequency transformer. Either of these currents 
may be bipolar or monopolar, damped or undamped. The current for 
dectrodeslccatlon Is monopolar and it is obtained from the secondary' 
winding of the high-frequency transformer. 

With electrodesiccation it is possible, by’ surface sparking, to de- 
hydrate or mummify a pinhead-sized superficial area, or a fairly ex- 
tensive superficial lesion. By multiple insertions of the active needle 
e k c bt>de, one may destroy rather large, thick lesions. The method Is 
employed mostly for the destruction of small, superficial benign 
growths, potentially dangerous lesions such as leukoplakia, keratoses, 
dc,, and small superficial epitheliomas of the basal-cell type. It is 
bring abused by many physicians who employ it mis takingly for elec- 
bocoagulation and who use It without any form of anesthesia. 

The current for electrodesiccation has an exceedingly high voltage 
a comparatively low milliamperage. That for electrocoagulation 
r* 5 a lower voltage but a higher milliamperage. The cutting current 
b&i » tffl lower voltage and hi gher milliamperage. 

, electrocoagulating current, when used as a surface spark, de- 
t0 aomc extent, but the principal effect is that of rather 
^hespread coagulation of tissue, especially when the active needle 
^tetrode is inserted into the tissue as is usually done. The gross change 
®ay be no more t h an a blanching or whitening of the tissue which 
t *\ri°ughs. Electrocoagulation seals the blood vessels and lymphatic 
^ 7 *- 1* k used mostly for the destruction of malignant neoplasms. 



36 [%S? x? Cutaneous Malignant Neoplasms 

It is customary first to establish a line of deep coagulation beyond the 
periphery of the lesion; the entire lesion is then coagulated and re- 
moved with the cutting current, scalpel or curet, after which the 
wound may be electrodesiccated or superficially electroccagulated. 
Coagulation can be performed with the bipolar current, using either a 
single or bipolar active needle electrode or with monopolar current 
from the same source. 

The cutting current cuts like a knife and causes enough coagulation 
to seal the small blood vessels and lymphatic channels. Theoretically 
at least, there Is less chance of metastasis during the application of 
surgical diathermy than with the scalpel or curet. Excision with the 
cutting current is comparatively bloodless. It is possible to obtain 
primary union, especially if the edges of the wound are freshened with 
the scalpel or scissors. 

Surgical diathermy can be employed satisfactorily when scalpel 
surgery would be difficult or impossible. When using high-frequency 
currents for destructive purposes, one is likely to think in terms of 
physical therapy rather than In terms of surgery, which may lead to 
careless technic from a surgical standpoint. Surgical diathermy is 
•surgery, and to it should be applied the principles of general surgery. 
' Good results* t 51 ay.be obtained by the use of the actual cautery. 

. Shrcwell Method.— There is another therapeutic method occasion- 
ally •used' ^dermatologists for selected cases of cutaneous cancer 
which may .be placed among the conventional methods. We refer to 
the, i S^erweIl rhethod. It consists of the removal of as much of the 
iledpiaSric rissue as is possible with curet, scalpel, scissors, and high- 
tre^uency current, after which add nitrate of mercury is applied for 
at least five minutes. The wound is then covered with a thick layer of 
bicarbonate of soda, over which is placed a dry dressing. Instead of 
add nitrate of mercury, Morrow and Taussig 14 employ chemically 
pure red crystals of chromic add, while Angle 11 and others use * 
saturated aqueous solution of zinc chloride. 

Contraindicated Treatment. — Some physicians advocate the use 
of physical therapy agents for the treatment of cutaneous cancer that 
have been given a fair trial by dermatologists who find that they ar® 
unsuitable for the purpose. Among these agents are solid carbon 
dioxide, electrolysis and ultraviolet radiation. 

Bloptiea.-— When possible it is advisable to make a microscopic 
examination before instituting treatment. This is the only way m 
which a definite diagnosb can be made. Also It is the only wayta 
which the grade of malignancy can be accurately determined. When 
the lesion is small and suitably situated, the biopsy might well con- 
sist of complete excision with the scalpel. Examination of serial sec- 
tions provides invaluable information relative to invasive ness, metas- 
tasis, and cotv’i lete or incomplete removal. In addition to determining 
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the grade of malignancy' based on cytology, tissue reaction and other 
features. 

Many physicians aver that a biopsy made with scalpel or biopsy 
punch is dangerous; that such procedure favors dissemination of the 
malignant cells. They prefer to remove the piece of tissue vdth the 
cutting current It is notv the consensus of opinion of those who have 
had extensive experience that a biopsy made with scalpel or biopsy 
punch is not dangerous when properly performed. The instruments 
must be sharp and the lesion must not be squeezed, massaged or 
unduly manipulated. The cutting current, unless the exdsion is very 
wide, Is likely to Interfere seriously with the microscopic study be- 
cause of coagulation of cells. 

CLASSIFICATION OP CUTANEOUS MALIGNANT NEOPLASMS 

There is, as yet, no universally accepted classification for malignant 
neoplasms of the skin and orlfirial mucous membranes. In this chapter 
the following conditions will be discussed: 

1. Basal -cell epithelioma 

2. Basal-squamous-cell epithelioma 

3 . Squamous-cell epithelioma 

4 - Transitional-cell epidermoid carcinoma 

5 . Paget's disease 

6. Bowen's disease 
1. Melanomas 

8. Sarcomas 

BASAL-CELL EPITHELIOMA 

The term basal-ccll epithelioma includes names such as Jacob’s 
nicer, cancroid, rodent ulcer and benign skin carcinoma, all of which 
are now obsolete. 

Krompecher, 1 * in 1903, was the first investigator to separate basal- 
'c&hfi&imsh Vitrm tfCnw cancers. •wqi’x ’rots fame a 

great deal to clarify our knowledge of the malignant cutaneous new 
growths. 

The basal-cell epithelioma is relatively benign and causes death only 
fry hemorrhage, involvement of Important parts such as the articula- 
tons and orbit, or when complicated by septic infection. The affection 
^rely involves the mucous membranes primarily, although secon- 
<wy involvement of these structures Is common. In other words, basal - 
Epithelioma practically always begins in the akin. Metastasis is 
jiV* “ basal-cell epithelioma of pure type. The prognosis both for 
ft* permanent cure is excellent but must be guarded when 
paling with deep lesions. It Is not necessary to treat every basal - 
1 epithelioma. They should be treated when occurring in patients 
"^0 are under 60 years of age. Small, superficial lesions in old and 
*7< pCTioxa > especially when multiple, may be let alone and kept 
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under observation. Evolution Is likely to be so slow that the lesion will 
not become serious during the patient’s remaining years. Ulcerated 
lesions, deep lesions, and lesions that have involved or threaten to 
Involve important structures should, of course, be destroyed, regard- 
less of age. Lesions that are In skin that is thin — nose, forehead, eye- 
lids, ears, etc. — should be watched carefully or destroyed, otherwise 
underlying important structures may become Involved. 

The neoplasm originates from the basal-cell layer of the epidermis 
— most likely from cells that were predestined to form cutaneous 
appendages. It also arises from the basal-cell layer of the epithelium 
of the cutaneous appendages — sebaceous glands and ducts, and sweat 
glands and ducts, especially from the sebaceous glands. 
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Under the microscope the lesion consists of basal cells that fall to 
develop Into squamous or prickle cells; therefore, there Is no kera- 
tlniration; no whorls. As a rule, there Is considerable tissue reaction 
around the neoplasm. 

Clinically, the affection varies considerably in appearance due both 
to clinical type and stage of evolution. Usually the evolution Is ex* 
ceedlngly slow — very slow extension over a period of many months; 
usually many years. The affection Is most common during or after 
middle life. It Is quite common In the third and fourth decades and 
occurs occasionally during late adolescence. The sites of predilection 
are the face and trunk, although It may occur on almost any part of 
the body surface. Males are affected more frequently than are females. 
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Haien 0 classifies basal-cell epithelioma into seven clinical types: 

1. Flat type . 

2. Nodular 

3. Ulcer with rolled edge 

4. Lesion resembling a depressed scar 

5. Morphea-like epithelioma 

6 . Fungating tumors 

7. Deep type 
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suggests mother-of-pearl. They range in sire from the head of a pin 
to split-pea, silver quarter, fifty-cent piece, silver dollar and larger. 
The bulk of the lesion may be flat (macular), slightly elevated, 
smooth, scaly or crusted. It may be studded with pearly nodules and 
ft may ulcerate. As a rule the lesion is dry, but it may be exudative. 
The lesion spreads very slowly by peripheral extension. The center 
may cicatrize. The lesions very often are multiple; frequently there 
are many lesions. 

This type of basal-cell epithelioma is also known as multiple epithe- 
liomatosis cutis, and serpiginous cicatrizing epithelioma. At times it 
resembles the so-called Bowen’s precancerous dermatosis, extra mam- 
mary Paget’s disease, keratosis seborrheica, psoriasis, syphilis, tuber- 
culosis, etc. As a rule the clinical diagnosis is easily made. Occasionally 
a biopsy is necessary. If so, It Is essential that tissue from the margin 
be examined rather than tissue from the center of the lesion. The 
flat type Is very superficial and usually remains so for many years. 
Eventually It may become nodular or ulcerative and may invade the 
subcutaneous tissues. 
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Nodular Type. — Nodular lesions vary in size from pinhead to split- 
pea, dime, silver quarter and much larger. The lesion may consist 01 a 
single small nodule, a single larger nodule or a closely crowded group 
of small nodules. The nodules are hard, shiny, aemltranslacent, r ele- 
vated and usually pearl-white or waxy In color. They are called mo the*" 
of -pearl or ■ nodules. There Is usually some telangiectasia, ine 
lesion ma\ nain nodular for years or It may undergo ulceration. 
The nodi 1 type Is at times confused with nodular syphilis, lupus 
vulgaris and other affections. The clinical diagnosis is easily made as a 



Feo. jA. — RtMl-ceO epitheBoma. Lrtkm Fio. 39 — Basal-cell epithelioma co ra- 
il composed ot numerous doady cnywiied posed of coalesced nod ala — bojlnnln* ol- 
■odnkt. cm lion. 



Fb. 


Basal -cell epithelioma cotnpoaed of a rim of coalesced nodale* and a deatrleed 
tenter. There b tow aker*ti<m. 


2^ ^ es ^ ons having an unusual macroscopic appearance give a typical 

Wcroscoplc picture. 

. Scar T yp c - — ™ 5 is an uncommon type. It consists of 

idetSf fv depressed scar or a slightly depressed area of atrophy or 
It may represent what was formerly known as the serpiginous 
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cicatrizing type. There may or may not be ulceration, nodules and a 
delicate rolled edge. Often the clinical diagnosis Is difficult. Even the 
microscopic diagnosis may be difficult unless the area for biopsy is 
selected with care. 

Morphea-Like Type, — In this variety the lesions are flat, some- 
what round in contour and sharply marginated. The area may be 
atrophic and slightly depressed, or slightly thickened and elevated. 
The color Is yellowish or pinkish-yellow and there is usually some 
telangiectasia. Sooner or later ulceration occurs. It is an uncommon 
type of basal -cell epithelioma. 

Fun gating Type. — In this variety the lesion, which may be of 
almost any sire, usually is an ulcer covered with a vegetating or 
fungoid mass, and associated with a foul-smelling exudate. Waxy 
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nodules may appear at the periphery or In various parts of the lesioc. 
Occasionally, this type may be papillomatous, giving rise to a cau 
flower-like tumor; or It may be verrucous. It may be mistaken lor 
squamous-cell epithelioma, tuberculosis, syphilis, blastomycosis, bromo- 
derma, iododenrm and other a flections. 

Deep Type. — This form may originate from any of the other type® 
or it may develop Independently. In the latter case, when first detected, 
it consists of a small nodule deep In the skin or In the subcutaneous 
tissue. The surfact Is usually red, perhaps atrophic and telangiectatic. 
The nodule Incr -ases In slie, spreading laterally and downward, In- 
voicing the deeiwr tissues. Eventually there Is ulceration surrounded 
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by induration and extensive destruction of tissue. When developing 
from other types, a deep indurated ulcer Is produced which gradually 
destroys important tissue. It Is the deep ulcerating type that used to 
be called rodent ulcer. It directly and indirectly destroys subcutaneous 
tissue, cartilage, periosteum, the eye, and other important structures. 
When developing independently as a deep nodule It is often impossible 
to establish a diagnosis without the aid of the microscope. 

Treatment. — Selection of method for the treatment of basal -cell 
epithelioma is based on a number of factors such as: circumference, 
thickness and depth of lesion, type (superficial, deep, nodular, ulcerat- 
ing, morphea-like, etc.), previous treatment, primary or recurrent 
growth, location and tissue involved, and age and sex of the patient; 
and, also, the desires of the patient. 

Scalpel Subcehv. — A lesion that does not Involve cartilage or peri- 
osteum, that Is suitably situated and' that is not too large, may be 



excised with the scalpel and primary union obtained. If the skin h 
normally and the surgical technic is proper, the ultimate 
conspicuous than that following electrocoagulation or electrodesKxa- 
tkra, unless the lesion is exceedingly superficial, In which case metnoas 
other than surgical excision are indicated. Excision with the 
of course, limitations, but It has the advantage of permitting 
sections of the entire lesion. In this way one confirms or re U * e V__ 
diagnosis nvl ascertains whether or not the entire neoplasm 
removed. V there Is doubt about complete removal, a larger «*«**’. 
may be i .ade or roentgen raj's or radium may be applied, baupc* 
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forgery is especially efficacious for the deep type consisting of a small 
nodule in the skin or subcutaneous tissue. 

There are many cases in which an extensive neoplasm has involved 
Important organs such as the nose, ear, eye, etc. The majority of such 
lesions have been previously treated with roentgen rays or radium or 
surgical diathermy or with all three methods. In such instances the 
best results are usually obtained by removing or destroying all neo- 
plastic tissue by means of conventional surgery or with surgical dia- 
thermy, after which the deformity is corrected, as much as possible, 
with plastic surgery. 


Caustics. — Superficial lesions, such as the flat type, may be cured 
by first thoroughly curetting, under local anesthesia, then applying 
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nnc chloride, add nitrate of mercury or, when very superficial, even 
Wchloracetic add. The Sherwell method Is used, as a rule, for deep 
7®°°® have involved Important structures and In which other 
methods have failed. The results are excellent when the cases are 
properly selected. 

tniiw KnCA1 ' ■^ IATHEfillv - — This is a popular method among denna- 
rrwn^i" 8U P cr fi c hd lesions are dehydrated by electrodesiccation, 
^ cmct ^ la again electrodes! ccated. It is 
to cxten d the destruction of tissue for at least a quarter of 
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by induration and extensive destruction of tissue. When developing 
from other types, a deep indurated ulcer is produced which gradually 
destroys important tissue. It is the deep ulcerating type that used to 
be called rodent ulcer. It directly and indirectly destroys subcutaneous 
tissue, cartilage, periosteum, the eye, and other important structures. 
When developing independently as a deep nodule it is often impossible 
to establish a diagnosis without the aid of the microscope. 

Treatment — Selection of method for the treatment of basal -ceil 
epithelioma is based on a number of factors such as: circumference, 
thickness and depth of lesion, type (superficial, deep, nodular, ulcerat- 
ing, morphea-like, etc.), previous treatment, primary or recurrent 
growth, location and tissue involved, and age and sex of the patient; 
and, also, the desires of the patient 

Scalpel Suboekv. — A lesion that does not Involve cartilage or peri- 
osteum, that is suitably situated and' that is not too large, may be 



excised with the scalpel and primary union obtained. If the skfn bea 
normally and the surgical technic {s proper, the ultimate 
conspicuous than that following electrocoagulation or electroawiOT- 
tion, unless the lesion is exceedingly superficial, in which case meu»as 
other than surgical excision are Indicated. Excision with the scalpel 
of course, limitations, but it has the advantage of permitting senaJ 
sections of the entire lesion. In this way one confirms or refutes 
diagnosis and ascertains whether or not the entire neoplasm basoeaj 
removed. If there Is doubt about complete removal, a larger exo«o» 
may be made or roentgen rays or radium may be applied. Scalpel 
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Roentgen rays and radium are very likely to fail when cartilage 
and periosteum are Involved. 

The majority of operators favor the administration o! large doses 
at intervals of one or two month* — from one to six or eight times the 
erythema dose, depending on size of lesion, age of patient, location 
of lesion, thickness of filter, etc. Unfiltered radiation is used for super- 
ficial lesions, while moderately heavy and heavy filtration are em- 
ployed for thick, deep-seated lesions. 

Some operators favor dividing the total dose for one month, admin- 
istering a fraction of the total dose every few days. This has been re- 
ferred to as the modified Coutard technic. It is claimed that by so 
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domg a larger total dose can be given without undue reaction, which 
o probably true, and that there Is a better chance of catching cells in 
the act of dividing, at which time the> r are more “radiosensitive.” 
However, there is no convincing evidence that this method gives results 
that are superior to large doses given once every month or two. When 
a copper filter with very high voltage roentgen rays, it may be 
necessary', for technical reasons, to give a fraction of the total dose 
tvery day or two until the treatment is completed. 

When a basal-cell epithelioma fails to disappear as a result of two 
“’’three large doses of roentgen rays, or when it recurs more than once 
ro entgen-ray treatment, it is advisable to resort to some other 
mct hod. Normal skin, except that In the Immediate vicinity 
° 1 ®hould be adequately protected. Roentgen rays should 

he a PPHed to the eyelids without proper protection for the eye- 
eye may be desensitized with a few drops of one or tvro per 
hofocaine solution. Then a brass-aluminum or lead glass eye shield 
‘“^jed, dipped in sterile olive oQ and slipped under the eyelids, 
uv'ertkmage should be avoided. A third-degree roentgen-ray" reaction 
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an inch beyond the macroscopic edge of the lesion. It is equally Im- 
portant to cany the destruction downward into normal tissue. A recur- 
rence at the edge of a scar is soon detected. A recurrence or continua- 
tion under a scar is likely to do considerable damage before It b 
recognized. Many dermatologists also administer a single dose of 
unfiltered roentgen rays consisting of from one to three or four skin 
units — from about 300 to 1200 r, or the equivalent dose of gamma 
rays of radium. 

Lesions that are large, thick and deep are usuaiiy thoroughly electro- 
coagulated. The coagulated tissue Is removed and the wound is again 
electrocoagulated. This may be accomplished under general or local 
anesthesia. Many physldansprefertofinish the treatment with a byper- 
Intensive dose of filtered roentgen rays — from two to eight ikin units 
(140 Kv., 3 mm. A 1 , 1100 to 4400 r), depending on size of lesion and 
age of patient, or filtered gamma raj's of radium in equivalent dosage. 

A lesion may, of course, be excised with the cutting current, fol- 
lowed either by primary union or healing by granulation tissue. 

Scars following the destruction or removal of a basal-cell epithelioma 
with surgical diathermy are likely to be disfiguring, especially when 
the lesion occupies the entire thickness of the derma or has Invaded 
tissue under the akin. Very often they are hyperplastic or keloidal. 
Very superficial lesions may be destroyed with very little scarring. 

There is no way of knowing, when coagulation is used, whether or not 
ail the neoplastic cells have been destroyed. On a number of occasions 
we have excised a scar left by such treatment and have found neoplastic 
cells in the scar tissue. It is possible that some malignant cells escape 
destruction in many cases that are permanently cured, but because they 
are entirely surrounded by dense scar tissue, they either remain dor- 
mant or perhaps eventuaDy die. In any event, It Is possible to obtain at 
least 85 per cent permanent cures in unselected cases of basal-cell epi- 
thelioma with this method. Many superficial lesions, especially the 
early ones, may be destroyed by the actual cautery. 

Roentgen Rays.— It is possible to cure at least 85 per cent of 
unselected basal-cell epitheliomas with roentgen rays. The percentage 
of cures in selected cases is, of course, higher. Ha ten and Whitmore 1 
reported a series of aoo unselected cases with 86 per cent permanent 
cures. They obtained 93 per cent cures in selected cases, MacKte, 
in a series of 400 cases, obtained 87 per cent cures In unselected cases 
and 91 per cent in selected cases. Some authors report a much higher 
percentage of cures, 100 per cent, in fact, while others obtained only 
60 or 70 per cent It Is doubtful If it Is possible to obtain too per ant 
cures in a large series of unselected cases of basal-cell epithelioma with 
either roentgen rays or radium. It may be possible to approach this 
figure with thoroughly modern roentgen-ray or radium treatment, 
when the cases are selected and when in each cose the diagnosis b 
made micro* .'opfcally. 
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BASAL- SQUAMOUS-CELL EPITHELIOMA 
It has long been known that 12 or 15 per cent of basal-cell epi- 
theliomas contain squamous or prickle cells. Curiously, It la just about 
this percentage of cases that haw proved unusually stubborn. Hamil- 
ton Montgomery 1 * found this type of epithelioma in 13.6 per cent 
of a series of 119 cases of skin card noma, most of which, dinically, 
were of the basal-cell type. It is difficult, if not impossible, clinically 
to differentiate between a pure basal-cell epithelioma and one of the 
basal-squamous-cell type, especially in the early stages of evolution. 
Histologically, one portion of a section may show only basal cells 
while another portion may show the characteristics of a squamous-cell 

E h, Quoting Montgomery: “They represent a metamorphosis of 
-cell epithelioma to squamous-cell epithelioma and are not de- 
generate forms of the latter.” It is necessary to study carefully the 
entire section, sometimes several or many sections, otherwise the true 
nature of the lesion may be overlooked. This type of epithelioma be- 
gins, looks and it may behave like a pure basal-cell epithelioma, but 
often It behaves like a squamous -cdl growth. That is, it may prove 
recaldtrant and it may cause death. In the past there have been a few 
reports of metastasis occurring in cases of basal-cell epithelioma- It is 
not improbable that these lesions were of the basal -squamous-cell type. 

The treatment, should be the same as that recommended lot 
squamous-cell epithelioma. While, as a rule, the degree of malignancy' 
Is not high, yet the prognosis should be guarded. 
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SQUA1I0U 8 -CELL EPITHELIOMA 

term squamous-cell epithelioma (prickle-cell epithelioma) sdg- 
a H^dlgnant growth originating from cells of the epidermis above 
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Is likely to be more troublesome and more serious than is the usual 
basal-all epithelioma. Very often a basal-cell epithelioma, when 
treated with roentgen rays, will disappear with only a slight cutaneous 
defect. Not infrequently, however, there Is a scar, atrophy or telangi- 
ectasia. In other words, while the chance for a good cosmetic result is 
excellent, the result in this respect may not be satisfactory. Of course, 
the cosmetic result depends on a number of factors — site of dose, 
location, age, sex, idiosyncrasy, character of the lesion, etc 

Radium, — In general, what has been stated about roentgen rays In 
the preceding section pertains, also, to radium. Assuming technical 
skill, proper equipment, and judgment In selection of cases, future 
statistics will be probably approximately the same for both agents. 

In certain locations better results can be often obtained with radium 
than with roentgen rays — lesions on the edge of the eyelid, lesions in- 
cluding the nasal or buccal mucous membranes, a lesion in the external 
auditory canal, etc. A tubular applicator may be placed in the external 
auditory canal. A cast or mold of the mouth can be made in which 
screened radium or radon is embedded fa proper position. The mold is 
held In the mouth daring treatment. 

Very superficial lesions may be treated with a half-strength radium 
element applicator screened with o.i mm. A 1 . The applicator Is held in 
contact with the lesion for one or two hours. Such treatment gives 
an intense beta-ray effect. Deeper lesions should be treated wfth gamma 
rays. The same applicator is screened with 2 mm. of brass and 1 mm. 
Al. This is held in contact with the lesion for from eight to twenty-four 
hours. If so desired the time factor may be divided so that an applica- 
tion of from two to four hours is given daily. 

Lesions that are very deep, thick or indurated are usually treated 
with radon. Radon tubes may be screened with 0.5 mm. Ag, 1 nwm 
brass and 1 ram. Al. Such a tube containing 100 me. radon is 
at a distance of 2 an. from the lesion and held fa place with 
for a period of from 2 to 6 hours. Such treatment may be repeated in 
two weeks or a month: In selected cases implants or seeds cart* 
tafaing 1 to 2 me. of radon are embedded 1 am apart throughout the 
tumor mass. These seeds are not removable. Removable platinum 
radium needles may be used. Needles, each containing 1 or 3 mg. 
radium, are placed 1 cm. apart in the mass. These are sutured In place 
for from 96 to 144 hours. 

Gbinz Rayb. — The very long roentgen-ray wavelengths known as 
grenx rays have been used to some extent for the treatment of 
cell epithelioma. The number of cases treated is too small and the 
length of time since treatment Is too short for a fair evaluation ot 
the method. It b probable that they will be of little real value for thts 
purpose. They have been used with apparent success for the treaimjht 
of very superficial basal-cell epithelioma, epedally of the upper eyelids. 
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the basal-cell layer, or from similar cells In the epithelial layer of the 
cu ta neous appendages. Under the microscope, in addition to finger-like 
down-growths of the epidermis, it is seen that some of the cells become 
more or less keratinized, thus forming the characteristic whorls or 
pearl-like bodies. Tissue reaction is not so marked as in basal-cell 
epithelioma. 

Occurrence. — Squamous-cell epithelioma occurs about half as fre- 
quently as does basal-cell epithelioma. They develop most frequently 
in the mucous membranes of the Up and mouth. They are seen less 
frequently on the penis, vulva, eyelids and nose. When occurring in 
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shin, the roost common locations are the scalp, dorsal surfaces of 
the hands, and the ear. Probably in the majority of cases the malig- 
h^t growth is preceded by one of the so-called precancerous condi- 
uons, especially senile keratosis and leukoplakia. The majority of 
Patients are over 35 yeara of age. Carcinoma of the tongue is relatively 
Uncommon in women. Statistics show that the affection is about three 
Un>es thore common in males than in females. 

Characteristic*. — The lesion may begin as an ulcer or as 
nodule. Ulcers are usually Indurated. Nodules continue to grow in 
fonn a tumor which may be hard or soft, and which as a rule 
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and perhaps even a day may mean the difference between life and 
death. 

As a rule, metastasis occurs in the regional lymphatics, but not in- 
frequently the first evidence of metastasis consists of a tumor of the 
bones or some organ. 

Occasionally, carcinoma attacks the skin secondarily from a focus 
in some other organ. An example of such secondary invasion is cancer 
en cuhasse. 

Prognosis. — Squamous-cell epithelioma Is a very serious affection 
and even in favorable cases the prognosis must be guarded. It is of the 
utmost importance to detect the lesion, establish a microscopic 
diagnosis and completely remove or destroy the lesion while it is still 
local. Of course, there is no way of knowing bow early metastasis 
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ray occur, but when the lesion, as revealed by the microscope, shows 
* n intact basal-cell lining, no finger-like processes and no invasrveness, 
it is probable that metastasis has not yet occurred. 

based on cytology, squamous-cell epitheliomas are of four recog- 
n kad grades of malignancy. Clinical dermatologists recognize several 
grades of malignancy based on clinical features. As we have seen, 
the lesion develops in sclerotic tissue, as in lupus, interstitial 
possitis, scars, “x-ray skin” and in some keratoses and some cases of 
leukoplakia and kraurosis, evolution Is likely to be slow and metastasis 
delayed. Epithelioma developing In an apparently normal tongue is apt 
to be rapidly invasive. On the whole, the evolution of squamous-cell 
fP'thdioma of the apparently normal skin is not particularly rapid, 
Y* occasionally a lesion will appear suddenly in apparently normal 
»xin or membrane, invasion of neighboring tissue being rapid and 
rnc tastaals occurring very early. 
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Is opaque rather than semi translucent as in basal-cell epithelioma. 
Nodules and tumors often ulcerate. Not infrequently the leakra is ver- 
rucous, vegetating or papillomatous. As a rule there is but a single 
lesion. Occasionally there are several. When occurring in scar tissue, 
or si mil ar tissue, and when of a comparatively low grade of malig- 
nancy, the growth may be slow and metastasis delayed. As a rule, 
however, evolution is rapid and metastasis occurs early. 

The lesion is always sharply defined and usually indurated The 
disease invades practically all tissues — connective tissue, cartilage, 
periosteum, bone, viscera, lymphatic system, etc. 
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The affection must be differentiated from syphilis, tuberculosis, 
basal-cell epithelioma and a number of other conditions. A dermatolo- 
gist can usually make a fairly accurate clinical differentiation, but the 
proper way to avoid diagnostic error is by microscopic examination. 

It often happens fn cases of tongue cancer In a syphilitic 
that the physician trill waste valuable time with the so-called thera- 
peutic test; that is, he will administer intensive antisyphilitic trea - 
ment over a period of several months. In all such cases It is advis*w® 
to make a microscopic examination at odcc. It is important to keep m 
mind that squamous-cell epithelioma, is so serious that a month, ft vreek 
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these cells would have to difleTentlate slightly before they reached a 
state that compared favorably with the normal basal cells. 

M elan ocard noma arises from cells which have undergone marked 
dedifferentiation. These cells would have to differentiate to a great 
extent before they reached a biologic state of development comparable 
to that of normal cells. 

Since cellular differentiation plays such an important part in the 
grading of malignanties, it is important for the microscop 1st to be 
fa mi l i ar with any deviation of the cellular structure from the normal. 

In the grading of malignant neoplasms, the proportion of cells that 
are differentiated Is compared to those cells which are undifferentiated. 
The results are expressed thus: 

Grade i Carcinoma: The proportion of differentiated cells ranges 
from almost ioo down to 75 per cent; that of the undifferentiated cells, 
from practically o up to 35 per cent. 

Grade 2 Carcinoma: The proportion of differentiated cells ranges 
from 75 down to 50 per cent; that of undifferentiated cells, from 25 
up to 50 per cent. 

Grade 3 Carcinoma: The proportion of differentiated cells ranges 
from 50 down to 35 per cent; that of undifferentiated cells, from 50 up 
to 75 per cent 

Grade 4 Carcinoma : The proportion of differentiated cells is from 
35 per cent to practically o; that of undifferentiated cells, from 75 
to 100 per cent 

lor a more detailed explanation on the grading of malignancies, the 
reader is referred to Broders’ articles on the subject 

Treatment — For lesions that are microscopically diagnosed before 
they become Invasive and probably before metastasis has occurred, 
with scalpel or the anting current would seem to be the 
method of election. When we encounter a small lesion that we think 
is or might be epithelioma of the squamous-cell type we exdse it with 
a Kalpd. If it cannot be excised in this manner it Is done with the 
coding current. Naturally, the excision is wide and deep. A careful 
mitologic study Is then made to establish diagnosis, to determine the 
Fade of malignancy, to ascertain the degree of invasiveness if any, 
jowl the probability of metastasis already having occurred and, finally, 
r 1 determine whether or not all malignant tissue has been removed. 
^ob*equent treatment depends, naturally, on the result of the examina- 
Uon - When there is no or very little Invasion and the malignant cells 
^ within the excision, no additional treatment is given, but the 
P^dent remains under observation. When in doubt, roentgen rays or 
Is employed. 

Advanced cases may be treated with roentgen rays or radium, 
Jddi surgical diathermy or scalpel surgery, or with a combination of 
methods, according to location, extent of involvement, grade of 
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Broders’ ro classification explains the difference In the malignancy 
of the same type of carcinoma In different situations. The grading of 
mali gn ancies is based upon cellular differentiation. A dedifferentiated 
cell is one in which the functioning quality Is decreased or absent and 
the reproductive or proliferative quality is increased. The basal-cell 
type of carcinoma shows that dedifferentiation is slight; therefore, 
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mucous membrane. The second stage Includes more extensive lesions 
with infiltration of the subcutaneous structures but not affecting the 
lymphatics. The third stage includes those cases having lymph gland 
involvement All these cases were treated with roentgen rays alone. 

One hundred and eight patients were in the first and second stages. 
Four of these showed glandular metastasis at a later date and died. 
Eleven of the cases were In group three and all died. Roentgenotherapy 
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malignancy, etc. In this country excellent results have been obtained 
In cases of advanced carcinoma of sldn and orifidal mucous membranes 
by Clark, Pfahler, 31 Quick, 23 Wood, Re gaud 23 and others with com- 
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blnatlons of roentgen rays, radium, surgical diathermy and scalpel 
surgery. 

In a recent article, Martin 34 reports on 119 cases of squamous-cell 
epithelioma of the mouth and lips. These he classifies in three clinical 
stages. In the first stage are those cases involving only the skin and 
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Quiet reports 1,741 cases treated over a period of 10 years from 
1917 to 1927. Twenty -one per cent are known to be clinically free 
from gross evidence of disease; ti^ per cent of the entire group have 
been free from clinical evidence of disease for periods of three to ten 
years. 

In this period of ten years, 473 tongue cases were treated; 105- are 
free from clinical evidence of disease, 53 being beyond the three-year 
period and 32 beyond the five-year period. 

Regaud 31 treated 344 cases of cancer of the tongue and floor of the 
mouth at the Radium Institute in Paris during a period of six years 
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(1920-1926). Eighty-two of these, or 23.8 per cent, were completely 
The method used was the implantation of radon In removable 
PjinmiiD-Iridiuiii needles — the so-called radium puncture. If the glands 
f ruf were involved and proved to be carcinomatous histolog- 
~~*y> then a block dissection was resorted to with the application 
P a radium pack at a distance of 5 to 8 cm. from the skin surface, 
^^©md is of the opinion that distance radiation with a radium pack 
w a wax mold will supplant the radium puncture method Ln the treat- 
°f primary carcinomas. By using this method In the treatment of 
C4r rinoma of the lip he reports the following results: 

A- Operable Cases: 98 per cent cures of the primary localization; 
9 * per cent cures of cases with cancerous adenopathy (operable, 
rase* with glands). 
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failed to cure all the cases having glandular involvement whether or not 
they were clinically present 

The treatment Is directed toward complete destruction of the local 
lesion and irradiation of the glands draining the involved area. Com- 
plete destruction may be accomplished by surgery, high-frequency 
currents, or by radium or roentgen rays. 

It can be said that there is no method of choice for the treatment 
of prickle-cell carcinoma. Frequently, the best treatment Is a combina- 
tion treatment of surgical removal and application of roentgen rays 
or gamma rays of radium. For more detailed statistics and methods of 
treating cutaneous malignancies, see textbook by MacKee 1$ and mon- 
ograph by MacKee and Cipollaro. f< “ 

When carcinoma of the Up or mouth has invaded the cervical glands, 
Quick 11 treats the neck from both sides with heavily filtered radiation 
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of maximum Intensity consistent with tissue tolerance. Radium is pre- 
ferred to roentgen rays; but If sufficient radium element or radon u 
not available, then heavily filtered high voltage roentgen rays should 
be used, for it Is better to give “a good dose of roentgen rays than a 
poor dose of radium.” If only one node is involved and the cardnoma 
has not invaded the capsule, that node Is removed surgically. If aftff 
Irradiation there is a palpable node, then a unilateral block dissection is 
Indicated. After dlsseiilon, filtered radon seeds are placed in suspicious 
places before the wound Is dosed. If the Involvement is so extensive In 
the glands that the case Is Inoperable, then filtered radon seeds are 
placed throughout the cancer-bearing area. For all practical purposes It 
can be said that when cancer Involves the glands on both sides of the 
neck, the case Is inoperable and hopeless. Heavily filtered roentgen- 
ray therapy may be used polliatlvely. 
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TRANSITIONAL-CELL CARCINOMA 

This type of tumor arises from tissues having abundant squamous- 
cell tissue, as, for example, the toDgue, floor of the mouth, tonsils, 
jin uses, ducts of mucous glands, etc. 

The rapidly growing forms of these lesions are difficult to recognize 
microscopically. Quoting from Ewing, 33 these tumors “probably spring 
from gland ducts but may also arise from the general stratified layer 
of cells lining mucous surfaces. They form sheets of rather small cells 
which are cuboidat or spindle-shaped. They excite little growth of 
connective tissue. For these reasons they are markedly radiosensitive.” 

The primary’ lesion is usually wry small, and metastasis is likely to 
occur early in the adjacent glands. The surface is finely granular and 
flat, giving the appearance of an erosion rather than an ulcer. Clinical 
evidence of infiltration is usually absent. This lesion is so small that 
it is frequently overlooked, and the first evidence of its presence to be 
noted by the patient may be glandular enlargement 

In the treatment of this type of malignancy, the importance of a 
biopsy must be stressed. If the microscopic examination shows a transi- 
tional-cell epidermoid carcinoma, then the best treatment is radio- 
therapy combined with surgery. Gold radon seeds may be Implanted fn 
the tissues surrounding the primary lesion after Its removal with 
surgical diathermy. Metastatic glands are treated with heavily filtered 
roentgen rays or radium. 


PAGET’S DISEASE 

Darier,** Pautrier, 3 Fraser 4 and others have made careful studies 
of Paget’s disease of the nipple. As a result of these Investigations, 
while there is no unanimity of opinion, the consensus is that Paget’s 
disease of the nipple is a carcinoma of the In tra -epidermal portion 
of the mammary duct; also, that Paget’s disease is cancer from the 
vo 7 beginning. The distinctive microscopic picture Includes the so- 
caDed Paget cell. These are sharply defined, large epithelial cells 
which contain a single, large, deeply stained nucleus. 

Paget’s disease of the nipple occurs rarely in men. Most of the 
cases occur in women. It b an uncommon rather than a rare disease. 
Both breasts may be attacked. It seldom occurs before the age of 35. 
Evolution is slow, but sooner or later there is evident carcinoma of 
the breast with metastasis to the axillary glands. 

The clinical picture is not always the same. The usual picture is that 
ofaiharply marginated eczema surrounding the nipple. The eruption, 
“°*rver, does not yield to any of the therapeutic agents employed 
for eczema, including small doses of roentgen rays. The stubbornness, 
"cauon, age of the patient, sex, s h arp margin, persistent erosions, 

Hr 1 
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B. Cases of doubtful operability Including those with glandular 
metastasis, 72 per cent cures. 

C. Inoperable Cases: 17.8 per cent cures of the primary localiza- 
tion considered by itself; 14.2 per cent cures of both primary 
and metastatic lesions. 

Carcinoma of the penis Is always of the squamous-cell type. It Is 
found to be more prevalent among those who have not been arcum- 
dsed In childhood. A tight prepuce Is considered by some to be an 
important etiologic agent Of all cancers In the male, 1 to 3 per cent 
are those of the penis. When these lesions are treated early, they 
respond well to roentgen rays and radium. The vast majority, how- 
ever, do not seek expert advice until after the disease Is quite advanced 
with involvement of the deep tissues and inguinal glands. 

Pfahler and Widmann 81 report nine cures of ten cases treated. 
Their method consisted, In the majority of cases, of amputation of 
the penis by surgical diathermy and the application of roentgen rays 
to the inguinal glands. In some cases, amputation was preceded by 
irradiation. These results excel those obtained by surgery alone. 

Some cancer experts prefer to administer a large dose of roentgen 
rays or radium to a tumor before the lesion is removed or destroyed 
with scalpel surgery or surgical diathermy, especially when there is 
no evidence of metastasis. The rationale of such procedure is that any 
cells that remain in tiiu or that may enter the blood stream or 
lymphatic channels have received a dose of radiation that may P rove 
lethal or that will at least be inhibitory. The Idea Is a good one, but 
there are no convincing statistics In support of the method. 

The dose either of roentgen rays or of radium must, of course, be 
decided and administered by an expert. Experience has demonstrated 
the fallacy of producing extensive third degree reactions. In many 
instances the dose may be well within tissue toleration. In other in- 
stances the dose must be very close to the limits of toleration. With 
roentgen rays, the dose ranges from a few times to many times that 
required for erythema, depending on the size of the area treated, the 
age of the patient and particularly the quality of the radiation, Lt, 
the voltage and amount of filtration. With radium and radon packs 
(distant treatment), the dose ranges from a few hundred to several 
or many thousand milligram or m£Ilicu rie hours. The dose depends on 
the character of the lesion and the dimensions of the surface to be 
exposed, the amount of filtration and the distance between the pack 
and the skin or mucous membrane. When gold or platinum rod°n scea s 
or implants are employed, It is customary to implant one seed for 
every square centimeter of tissue. They are Implanted all through the 
lesion and around its periphery. The amount of radon In each seen 
varies from 0.75 mlllicurie to 1.5 or 2 mill [curies. 
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TRANSITION AL-CELL CARCINOMA 

This type of tumor arises from tissues having abundant squaraous- 
ceD tissue, as, for example, the tongue, floor of the mouth, tonsils, 
sinuses, ducts of mucous glands, etc. 

The rapidly growing forms of these lesions are difficult to recognize 
mkxcacoplcally. Quoting from Ewing, 35 these tumors “probably spring 
from gland ducts but may also arise from the general stratified layer 
of cells lining mucous surfaces. They form sheets of rather small cells 
which are cuboldal or spindle-shaped. They excite little growth of 
connective tissue. For these reasons they are markedly radiosensitive.” 

The primary lesion ts usually very small, and metastasis Is likely to 
occur early In the adjacent glands. The surface is finely granular and 
flat, giving the appearance of an erosion rather than an ulcer. Clinical 
evidence of infiltration U usually absent. This lesion is so small that 
it is frequently overlooked, and the first evidence of its presence to be 
noted by the patient may be glandular enlargement. 

In the treatment of this type of malignancy, the importance of a 
biopsy must be stressed. If the microscopic examination shows a transi- 
tional-cell epidermoid carcinoma, then the best treatment is radio- 
therapy combined with surgery. Gold radon seeds may be implanted in 
the tissues surrounding the primary lesion after its removal with 
surgical diathermy. Metastatic glands are treated with heavily filtered 
roentgen rays or radium. 


PAGET'S DISEASE 

Warier, 21 Pautrter, 3 Fraser * and others have made careful studies 
of Paget’s disease of the nipple. As a result of these investigations, 
*hfle there is no unanimity of opinion, the consensus is that Paget’s 
disease of the nipple is a carcinoma of the intra -epidermal portion 
°f the mammary duct; also, that Paget’s disease Is cancer from the 
vcr y beginning. The distinctive microscopic picture includes the so- 
caDed Paget cell. These are sharply defined, large epithelial cells 
which contain a single, large, deeply stained nucleus. 

Paget's disease of the nipple occurs rarely In men. Most of the 
occur In women. It fs an uncommon rather than a rare disease, 
breasts may be attacked. It seldom occurs before the age of 35. 
kvotution Is slow, but sooner or later there is evident carcinoma of 
roebreast with metastasis to the axillary glands. 

The clinical picture is not always the same. The usual picture is that 
marglnated eczema surrounding the nipple. The eruption, 
“ crw cver, does not yield to any of the therapeutic agents employed 
‘^eczema, Including small doses of roentgen rays. The stubbornness, 
nation, age of the patient, sex, sharp margin, persistent erosions, 
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infiltration, retraction of nipple and, perhaps, some pain should make 
one suspicious of the true nature of the affection. Instead of an eczema- 
Ute eruption the condition may consist of infiltration of the nipple, or 
the nipple may be keratotic or verrucous, and is usually retracted. 
It Is unwise to depend on clinical diagnosis. When a nipple or a breast 
has been normal and becomes abnormal, and the condition does not 
respond immediately to conventional treatment, a careful microscopic 
study of the tissue should be made. 

Treatment — Cases have been permanently cured with roentgen 
rap and radium, but such treatment Is uncertain. It is now the con- 
sensus of opinion among dermatologists that as soon as the diagnosis 
is established mastectomy with removal of axillary glands should be 
performed. 

ExtsAUAmmaby Paget’s Disease. — Paget’s disease has occurred 
oc the penis, scrotum, perineum, pubic region, umbilicus, lip, nose, 
cheek, forearms, trunk, ears and tongue. In fact, it may occur In 
almost any location. In such instances, the growth begins in the 
epithelium associated with the cutaneous appendages. Clinically, extra- 
mammary Paget’s disease may resemble Bowen's disease, eczema, 
psoriasis, basal-cell epithelioma, squamous-cell epithelioma and other 
diseases. As a rule, the diagnosis can be established by microscopic 
examination. 

Treatment consists of removal or destruction of the lesion with 
surgical diathermy or scalpel surgery. 
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BOTVIN’S DISEASE 

Originally, this condition was thought to be a forerunner of cancer. 
It was known as Bowen’s precan cero us dermatosis. It is now known 
to be cancer from the beginning — an intra-epidermal carcinoma. There 
may be a single lesion or multiple lesions. They are most common 
on the trunk and extremities but may occur in almost any location, 
even In the orifidal mucous membranes. Clinically, they resemble the 
flat type of basal-cell epithelioma — multiple epitheliomatosis cutis. 
They have a well-defined margin and a dark-red color. They may be 
dry and scaly or edematous, exudative and eroded. As a rule, there fa 
very little Infiltration, especially in the early stages. Evolution fa slow 
and the degree of mali gnancy is low. Metastasis does not occur. Clin- 
ically, the affection must be differentiated from basal-cell epithelioma, 
squamous-cell epithelioma, eczema, psoriasis, and other dermatoses. 
The disease can be cured with roentgen rays, radium or with electro- 
desiccation. 
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MELANOMA 

The term mdanoma fa ordinarily used to designate a pigmented 
malignant neoplasm. Benign melanomas Include pigmented nevi, the 
blue nevus of Tlfrche and the mongolian spot, while malignant mel- 
anomas indude mdanocardnoma, nevocardnoma, mdanosarcoma and 
nevosarcoma. Melanomas probably all arise from a sped fie mesoblastic 
ceil, the chromatopbore. The term mdanosarcoma has been used In- 
correctly as a synonym for mela nocarcinoma. Mel anosai comas are 
rare and arise In the choroid coat of the eye and In the blue nevus of 
Tiechc. 2 ** 



Melanoma 





flfi rciuyt*r 1« 
00 IvoStn* II 


Cutaneous Malignant Neoplasms 




AO r Oiijtw It 
00 Lvolxm. II 


Cutaneous Malignant Neoplaxms 


The type of nevus that most frequently gives rise to melinoma Is 
ttie bYue-Wack or slate-colored, smooth, fiat, hairless mole. Metastasis 
is likely to occur early. The prognosis is grave. Melanomas may occur 
at almost any age. Occasionally such an innocent condition as granu- 
loma pyogenicum may markedly resemble a melanoma. 

Lesions of this type have been cured with roentgen rays and with 
radium, but such treatment is very uncertain, as melanoma is radio- 
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resistant. Perhaps the best treatment consists of the administration 
of a large dose of heavily filtered radium or roentgen rays, followed by 
excision with the cutting current. Malignant cells may be found some 
distance from the periphery of the lesion, especially in the subcutane- 
ous tissue. Therefore, the excision should be wide at the surface and 
wider below — cone-shaped excision. It should extend down at least to 
the muscle. The excised tissue should then be carefully examined 
under the microscope to ascertain, so far os possible, whether or not 
all the malignant cells have been removed. When diagnosed before 
metastasis has oc urred and before there has been much local spread- 
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lag, it is possible to obtain a permanent cure. After metastasis has 
occurred very little can be done. Metastatic lesions soon occur In the 
viscera and various parts of the cutaneous surface. 


SABCOSIA 

Sarcomas of the skin are the least common of the cutaneous malig- 
nant neoplasms. They are formed of Immature connective tissue cells. 
Ia the nonpigmented tumors, the cells may be of the small or large 
round variety, spindle-shaped or the mixed-cell type. The small round- 
cell sarcomas are the most malignant and the fibrosarcomas and giant- 
cell sarcomas the least malignant. The more the cellular structure re- 
sembles adult tissue, the less the malignancy. 

The following classification of cutaneous sarcoma has been sug- 
gested by De Ami ds: 3T 

1. Localized or multiple nonpigmented sarcoma. 

2. Melanotic sarcoma. 

3. Multiple hemorrhagic sarcoma of Kaposi 

Localized Nonpigmented Sarcoma. — This variety Is the most 
benign. It appears as a single localized tumor, pea- to lemon-sized, 
usually. the color of normal skin. Early surgical removal offers the best 
outlook. 


Multiple Nonpigmented Sarcoma.— In this type the lesions vary 
In number from a few to several hundred. These lesions may develop 
following the appearance of a single primary growth. They are pin- 
bead- to egg-sized and are round or oval. The overlying epidermis is 
smooth and shiny, and telangiectases are frequently present. The out- 
look is serious. Coley’s serum may be tried, but it is doubtful if 
any benefit can be derived from It Roentgen rays may be used pal- 
halively. 


Melanotic Sarcoma. — This is the most malignant of the sarcomas. 
Lesions usually start in the choroid layer of the eye or In the blue 
D ^ v us of Tliche. The cutaneous lesions are pinhead- to egg-sized, 
°tJ? 6nn cons “ ten cy and blackish in color. The shape is oval or round 
“■ud slightly elevated. These cases end fatally practically always, unless 
detected very early. Coley’s serum may be attempted. Little can be 
done except In a palliative way. 


^Multiple Hemorrhagic Sarcoma of Kaposi — This affection is 
very malignant The sites of predilection are the extremities. It 
frequently In males. The eruption consists of various- 
“filtrated, lilac-colored, doughy plaques, or collections of several 
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The type of nevus that most frequently gives rise to melanoma Is 
the blue-black or slate-colored, smooth, flat, hairless mole. Metastasis 
is likely to occur early. The prognosis is grave. Melanomas may occur 
at almost any age. Occasionally such an Innocent condition as granu- 
loma pyogenicum may markedly resemble a melanoma. 

Lesions of this type have been cured with roentgen rays and with 
radium, but such treatment is very uncertain, as melanoma Is radio- 
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resistant. Perhaps the best treatment consists of the administration 
of a large dose of heavily filtered radium or roentgen rays, followed by 
exdslon with the cutting current. Malignant cells may be found some 
distance from the periphery of the lesion, especially In the subcutane- 
ous tissue. Therefore, the exdslon should be wide at the surface and 
wider below — cone-shaped excisi on. It should extend down at least to 
the muscle. The excised tissue should then be carefully examined 
under the microscope to ascertain, so far as possible, whether or not 
all the malignant cells have been removed. When diagnosed before 
metastasis has occurred and before there has been much local spread- 
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or many firm, bean- to pea-sized, reddish or purplish nodules. Both 
types of lesions are usually present Occasionally there is ulceration. 
Evolution Is slow; the lesions persist for months and years; spontane- 
ous recovery may occur. There fa always danger of a rapidly growing 
more malignant type of sarcoma as a complication. Roentgen rays are 
almost a specific for this disease. Arse no therapy Is said to be of value. 
(See article by MacKee and Cipollaro.* T “) 

Neurogenic Sarcoma, — These are tumors arising from nerve tissue 
and may appear on any portion of the body. They vary In size from 
that of a pea to an orange or larger. The color fa the same as that 
of the normal akin. The prognosis fa poor. True neurogenic sarcomas 
have a high mortality and have a tendency to recur along the nerve 
trunk. 

Dermatofibrosarcoma. — Darier 11 reported four cases of dermato- 
fibrosarcoma In 1924. Clinically, this condition is characterized by the 
development in the skin of small, hard infiltrating nodules which in- 
crease in size and number slowly to form a dense sclerotic, bluish 
plaque. Later on stalked, pedunculated or sessile nodules and tumors 
project from this plaque. These neoplasms are hard and may reach 
the size of an apple. The tumors are apt to recur after removal. 
Darier 3 * gave this condition the name “progressive and recurring 
dennatofibrosarcoma-” It fa asymptomatic, does not affect the general 
health and does not metastasize. 

It fa difficult accurately to classify these tumors bhtologically. The 
picture b tha t of a fibroma tons growth resembling very closely a 
spindle-cell sarcoma in certain cases. 

The tumors are radioresistant; In fact, they do not respond to any 
form of therapy except as in the cases reported by Senear, Andrews 
and Willis, 3 * in which there was no recurrence after complete excision 
of the mass. 

Melanotic Whitlow (Melanoblastoma of the Nall Bed). Thfa 
fa a malignant disease of the nail bed, which fa characterized by the 
formation of nodules of neoplastic tissue with associated formation 
of melanin about the border and beneath the naff. These lesions are 
painful and the majority of the victims die in from four to ten yea*** 

Early turgical removal or amputation is the treatment of choice. 

Lymphosarcoma. — This condition usually arises in a single chain 
of lymph glands and occurs late in life. Lymphosarcoma fa very malig- 
nant and markedly susceptible to radiation. The glands most fre- 
quently involved are the cervical nnd axillary glands. If neglected, 
these go on to ulceration. 

Since this disease fa radiosensitive, roentgen rays and radium am 
Indicated. In some cases, Isolated Involved glands may be removed 
surgically. 





ija r UkxjXn II 
l * |Volm u 


Cutaneous Malignant Neoplama 





74 IS5KJA' 


Cutaneous Malignant Neoplasm* 



References 


IKfiS 'ill 77 


C» new In New Tork City. Weakly Bal- 
lwin, Dn>arti*rnt o ( Health. Kew York 
City, 30 : 317-318 (Not. 1) 1W1. 
Pa*trlrr, U U. : ''Paj-rt'a iIImm of 
lJtiple," Arch. Dtnnit * ■jph-, 17 : 
7k7, ms. 

UlMk CL and Booaaet. J. t Tlx* ao- 
mlVd rmamcarac* diilttiUta, J. de 
■M. da Lyoa, 13 : W, 1ML 
7rl»^, J, f.l Doaaa'a dLmraaa ud 
Pifat'i dWui of nlppk ; their rrk- 
tka to dj»krr*ta«U. Arrh. limit. * 
■jpk, IB i sue, IKS. 


kfltoaa panUlafrr), BolL floe. franc. __ 
« drtmMt. « ayph., 4 l XII, 1804. « 


33 : 3TB, 1911. 
fc liUWriw, Uartom and Aatenateto, 

IMtVI: KrytbropiarLa at QoefTat. Arch. 
1MML A Bjpk_ 2S:7tM, litJJ. 
3»5rijr>n •. Cltad by Cwln U Dti- 
*i»o »f ua situ, raW, leoa. 

Likert, IL : Ct*r Karatoar, 1 trull a, 
1IK 


dr A* nut. rt ayph , *8:703, 

10 EUrr, J. J. aad Jtyaa. V. T. I Brnlk 
k*f*'a« aad *WWt heratcrv*, 
Art£- Demat. A Aypk , 23 ; 1041, 1030. 

11 IVkiT. 0. **d AehwaTb, J. : Die Oe- 
aehwdkte irt llaatdrAM*. Berlin, 8. 
Kirrrr, ItH. 

U Caylor, n. D.: lilthellomaa hi aeba 
ttvm eyKa, Aan. Aon , 33 : 161. IBM. 

13 n*-*L 1L t Multiple araroflbrozamtoata. 
Arch. Bxr*^ 22 : 208, lui. 

14 Marrow, IL ud Tnr.lt U: Epl- 
thrlkmu »( fire and their treatment, 
Arfk. DmiL A AypA^ B l 73, 1822. 

11 AkXfa: Qaated by Butte* U Dknn 
■ t the Bite. Eil 7, AL Loak, C. V. 
SfcHiy Co, p. ilt 

16 KrenjjeeWr, B. t Dor BaaalarQmkntA 
Jr**. 1801 

11 !.’??'*• H. n ud Wkltow*. 

• ' 1 . 

Horat- 


KUa, PklU- Lra A FrtJyrr, 1836. 
i Costard, IL : Reeatfen therapy W epi- 
theliomas of tooiUlar reirkra, hrpophar- 
}nx aad larynx from 1820 t« 1038, Am. 
J. Roentfrael, 38:313, 1832. 
Mnatforaery, XUmRtoa : Baaal HU- 
*>o*i roll eplt krUama, Arch. D«iut A 
Bypk, 18 : B0, 1838. 

DnxJrra, A. C. : Practical points on 
talcraareplc arndtn* ef curetnema. 
New York State J. MctL, 33 : 687, 1832. 
Pfablrr, O. IL and Wldnun, B. P. i 
Treatment of epltkellona at pnk by 
radiotherapy and elcetroeoa eolation. 
Am. J. HomtrnoL, 31 : 33. irrv. 

Quirk, Dooidaa i Trratmant of enneer 
a-f lip aad toaaoe, An. J. BoentfenoL, 
31 :»*. 1KB. 

Se*and.CL r 

err at Kadinm institute of I 
J. ItoentfeaeL, 31 : 1, 1*2*. 

Marti a. J. M. : RadtatUn tkrrapy t> 
trratmrat «< raar*r «f aioath aad ltpa, 
Hadiotofy, 18 1 Ml, 1*31. 

, UarKrr. 0. M. and Clpollaro. A. C. : 
Cntaaroaa ranrrr and prr-eanorr. A*. 
J. Canorr. 1*17. 

CwIba, Janan : BadkwmaitlTr rpldrr- 
aiold rarrlaomaa. Am. J. RomtjrmoL, 
31 : 21 A 1»». 

DartrT, J. : Koto nr k dyakrrttoar, 
m partWHrr d*u la “lialaflt* dr 
Parrt,” BalL Aoo. franc. «k (trrroat rt 
aypa. (Bftin. da Btrmab.), 33 j 1, 1*30. 
i TUokr. Max: Ckrr Ural™* Mrlanoma 


188 : ilX 1808. 


i MaeKrr, 0. IL aad Ctpolkro. A. C. : 
Idiopathic maltlpU brajorrhafie aar- 
nuaa (Kapoal), In. J. Cam err, 38:1, 
1*38. 


Aan , da demat ■ 


drrmafoflb roman Aar 
ayph . • : 043. 1*34. 

Amrar, F. Andrr**, E. and W lllla. 



7 A rOXijWr 1* 

<0 (.vcOkm n 


Miscellaneous Malignant Diseases 



FiO. Q3- — Lfmpiioblijicma- 

Mlscellaneous Malignant Dlaeaaes. — The Spleider-Fendt sarcoid 
i* thcraght by some to be a benign type of sarcoma. Serious diseases oi 
the hematopoietic system and retl culo-endothellal system may cause 
tumors of the. sldn-^deukemla cutis, Hodgkin’s disease, mycosis Ino* 
goldes, lymphoblastoma^ etc. Many such conditions are temporarily 
amenable to roentgen-ray and radium therapy. 




CHAPTER NINETEEN 

ELECTROSURGICAL CURRENTS AND ^THE HISTOLOGY OF 
ELECTROSUKG1CAL W OUNUS 

John D. MJ). 

For surgical purpose, a high-frequency currrat is “ 
current hSlng krSTot frequency above the L tte P 5£ 

duces faradlc response, due to conduction of the cun»‘ “>° 1 “ 

»ies Its virtue lies in the effects resulting from the resistance ot tne 
tissues to the current, which manifests itself In h “ 

and the local destruction of tissues of various and pecutoi ■ • W*»- 
It is my purpose to deal with a distinction in effect upon tissues of 
the so-caUcd cutting current and the coagulating current, “ » s “ 
such distinction can be made, and, in a rudimentary , 

tinctlon In the quality of the current which produces the cutting and 
coagulating eff^ts. The production, technic, and tissue 
fulgurating and dehydrating currents will be more f 

Tie commercial machines produced by different manufactu: rera vary 
greatly in construction and produce a corresponding y fuea y 

in the quality of current. The ohmic resistance Is often tooj great 
or too little to give the desired effect, and undesirable secondary 
faradic currents, with their resultant neuromuscular response, 
experienced when improperly constructed machines are mod. For ex- 
ample, it appears that the only way in which the sustained oscillating 
current of radiotron machines can be employed for coagula ng pu 
poses i» by raising the amperage and voltage to a point where cnamng 
of the tissues, which prevents a dissemination of the coagulating eBect, 
won results. On the other hand, the spark-gap machine produces a 
current from which it is difficult to eliminate the coagulating effect 
of the damped current Inherent in the spark-gap machine. The present 
lack of standardization Is unavoidable because of the difficulty in 
accurately measuring amperage or voltage during operation of the 
machine, so that the proper strength of current used for coagulation 
or for cutting must be learned by experience with each individual 
machine. 

A very nice balance must be maintained between voltage and 
anjperage, and also the capacity, inductance, and resistance must 
cuter into the determination of the particular current used. 

Doyen’s earliest machine, producing a high voltage and high fre- 
quency of oscillations but a low amperage, was equipped with a trans- 
former, spark gap, and condenser, attac h ed in circuit with an Oudin 




The Cutting Current 


•sasiffl 3 

therefore, undamped oscillations. The oscillating currents from radio- 
tron machines present a precisely determined wavelength. In contrast 
to this, the oscillations of the spark-gap machines are composed of 
a mixture of waves of different lengths. It is not to be supposed that 
in actual practice damping is the only factor which distinguishes the 
cutting from the coagulating current The elevation of both amperage 
and voltage within certain limits, produces more coagulation, while 
the increase In frequency in the undamped current up to a certain 
optimum of several million per second tends to produce a more smooth 
and uniform cutting effect The duration of the application of current 
to tissues and the density of current, as conditioned by the size and 
shape of the active electrode or cutting point, also function In the de- 
termination of the extent of the area of coagulation. By lowering the 
voltage of the coagulating current to a minimum, the slow heating 
effect on tissue produces what Clark called electrodesiccation, a de- 
hydrating change without electrocoagulation. 



?**• of frof bxdjcd wtth a minimum amount oi nrttlnj current prrvntLog 

■ecuoc with a thin layer of coarulathm inch as would not be expected to prevent 
pnmary ualoo. 

, fi® - *•“' »hln divided wtth a dehydra tin* current The epidermal celh adjacent 
ad are changed In orientation ; f 36.5 


General Effects of the Cutting Current on Tissues 

, technic of electrical cutting Is the most recent development in 
tiectrical ^ surgery. Smooth cutting depends, in part, upon the fre- 
°* ^ c * c ^ a tl° n5 > and upon the adjustment of a spark-gap 
BMchf 10 a fm l l>etlc y of 50,000 to So ,000, while with a radlotron 
trffft cx ^ ltln g a frequency of often more than 1,000,000, the 
, e "fettode can be handled just as a plain scalpel. The electrode 
guoes through the tissues without the necessity of pressure. One has 
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coO. Later he used the entire solenoid (Oudin cofll as a secondary 
coll, ta kin g the current off at both ends, producing the so-called 
bitermlnal current. The earlier machine supplied a figuration cur- 
rent, while the later one furnished the current we now call electro- 
coagulating. Charring of tissues In figuration prevents penetration 
of the coagulating effect. 

The Cutting Cubhent 

The production of the cutting current came many years later, and 
is just now being widely discussed in German literature by Kuecken 
and Doederlein in the Gynecological Clinic of the University of 
Munich, and by Keysser, a former associate of Lexer. The principal 
French contributors are Champy and Heltx-Boyer, while in England 
some experimental work has been undertaken in London by Sampson 
Handley, Gordon Taylor, and Douglas Harmer. In America, several 
important surgeons are now interested In the possibilities of the cut- 
ting current 

This cutting current depends, for Its peculiar surgical effects and 
characteristic tissue changes, upon the amount of damping— or, 
rather, lack of damping — of its wave trains. It Is safe to say that the 
more nearly a perfect, sustained, uninterrupted oscillation Is exhibited, 
the more nearly the wound produced approximates that of a surgical 
scalpeL The exact wave forms produced by the various surgical ma- 
chines during their application have not yet been actually photographed 
with a cathode ray oscilloscope because of technical difficulties In 
projecting the shadows of the Individual wave of oscillations at such 
high frequency as the ones now used, and because these oscillations 
are affected by various adventitious factors of damping and second- 
arily induced wave forms. 

The production of a high-frequency surgical current depends upon 
the oscillation of electrons, which perform a pendulum-Uke move- 
ment There are two fundamentally different methods of obtaining 
these oscillations. In the first, just as the swinging of a pendulum gets 
smaller and smaller on account of the friction resistance, so in the 
spark-gap machine the oscillations of the electrons slowly decrease, 
because in the spark gap they are damped by air resistance. We deal, 
therefore, in spark-gap machines, with damped high-frequency oscil- 
lations. In the second method, undamped oscillations are generated 
by means of radiotrons. These machines employ the same radio trons 
or radio tubes which are used in the wireless and in broadcasting. 
We know that in radiotrons a pure current of electrons is flowing, 
which Is rhythmically Influenced by the continually changing charge 
of the grid between the anode and the cathode In the tube. This is 
the mechanism by which sustained oscillations are generated. Since the 
radlotron Is evacuated as far as possible — that Is, free from air — the 
oscillations are mt damped by air resistance of any kind, aod are, 
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The Dehydrating Cut 

By a slight change In voltage and amperage, a cutting current can 
be reduced with enough coagulating characteristics to seal the smaller 
blood vessels along the edge of the cut in arrarea of so-called dehydra- 
tion, which Is white and presents cells with shrunken contour and 
pyknotic nuclei, the fluid contents having evaporated. The skeleton 
contour of the cells Is distinguishable. The cytoplasm stains vividly, 
while the nude! are bypercbromatic. 

General Effects of the Coagulating Current 
on the Tissues 

This tissue effect Is produced par excellence by n high amperage and 
a strongly damped current in a spark-gap machine, or by raising the 
voltage and amperage of the radiotron machine. A lower frequency 
of oscillations is necessary than for cutting purposes. Widespread 
coagulation can easily be produced with a spark-gap machine without 
charring or carbon! fication of the edges of the wound (Fig. 3). In the 
use of this, as in the cutting current, the electrode is brought In con- 
tact with the tissues, and then the circuit Is dosed. If the dreuit is 
closed before the contact is made, sparking across from the electrode 
to the tissues may result in charring. This rone of charring interferes 
with the dissemination of the coagulating current and limits the coagu- 
lating effect. It is also improper to remove the electrode from the 
tissues until the current is opened. This sparking from the electrode 
to the tissues, besides the charring effect, also Induces farad! c extra 
currents and musde jerking, which interfere with the delicacy of the 
operation. Small areas of coagulation assume the form of a half globe 
ot an Inverted cone, the base of which is on the surface of the tissue 
being cut Two definite zones can be described in the coagulating effect 
Tbe inner zone is blanched and the zone external to this is hyperemic 
m appearance. The inner zone, in histologic preparations, presents a 
blue nudear staining, e.g., hematoxylin, contrasting with the red eosln 
f buning of the intact tissue. The tissues so affected are somewhat 
^^uken and the nuclei have lost their definition and stain poorly, or 
disappear. This is the typical picture of coagulation necrosis. The pro 
are split, freeing blue staining add radicals with a probable 
mcrease in the local hydrogen potential. According to Doederlein, the 
protein hydrosol is changed into a hydrogel. This inner zone passes 
over Into an ID-defined outer zone of shriveled cells with pyknotic 
Ik?" a r egIo n of dilated vessels. “The faster the tissue dies, 
u>e more it conserves its original form and shape" (Ernest). The pri- 
ll® c £f ct °f the heat Is identical with necrosis of ordinary skin 
applies to preparations made immediately after the opera- 
7^' Preparations made several hours or days later show the outer 
rone being Invaded by fibroblasts, round-cell accumulation, and for- 
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the fmpression that the tissue melts under the Influence of the elec- 
trical current, Kirschner, for this reason, has given it the name of 
“melting cut” This Incision has the gross appearance of a scalpel 
cut (Figs, i and 2). Kelly has called this procedure u flcusectlocl/ , 
and Keysser has described it as “akutomy.” The histologic effects 
on tissues can be described in rones, the innermost being a xooe of 
mechanical disruption of tissue and explosion of cells. The question 
of whether this effect is produced by molecular dissonatlon, due to 
the assumption by the molecules or atoms of the tissues of a new 
rate of vibration, causing dissolution of the molecular structure, as 
postulated by Oudxn, or whether ft is merely a thermal effect due to 
the sudden expansion of the cell when its liquid contents are converted 
to steam, as Jellinek. thought, Is speculative and need not interest us 
here. Just outside of this rone of tissue disappearance is a xoce of 
elongation or attenuation of cells, this drawing-out effect being seen 
principally in the nuclei which are more fluid than the cytoplasm. 
Kawamura described radiating lines of similarly attenuated cells run- 
ning out from areas of electrical injury in fatal cases. Depending 
upon the fluidity of the tissues, there Is a varying amount of change 
in the orientation of these elongated cells, so that they come to lie 
parallel with the direction of the cut This effect is seen at Its maxi- 
mum in soft connective tissue or muscle, and cannot be produced In 
the stratum coroeum of the skin. In parenchymatous organs, this elon- 
gation Is transmitted along the nearby blood vessels, perhaps because 
the tissue surrounding the vessels is less resistant than the vessel wall 
Itself. 

Wfldermutb, assuming the resistance of a chemically pure physio- 
logic salt solution of a temperature of 18 0 C. (644° F.) as 1, esti- 
mates the specific resistance of the various tissues as follows: 


Fatty tissue *9-4 

Brain tissue 5-5“ 6.8 

Pulmonary tissue 3.5- 4*° 

Liver tissue a *8- 3-3 

Skin 3.5- 3 ° 

Muscle u~ r*S 

Blood, approximately I -° 


The higher the fluid or blood content of an organ, and the lower Its 
fat content, the less Its resistance to electric section. The great re- 
sistance In cutting through fat, as compared to musde and akin, at 
first disturbs the surgeon habituated to the scalpel, which cuts fat 
more readily than muscle and skin. The variation of resistance to 
electric cutting necessitates a readjustment of the machine as one 
passes from s’ 'n Into fat, and then Into musde or parenchymatous 
organ. 
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The Dehydrating Cut 

By a slight change in voltage and amperage, a cutting current can 
be reduced with enough coagulating characteristics to seal the smaller 
blood vessels along the edge of the cut in air area of so-called dehydra- 
tion, which is white and presents cells with shrunken contour and 
pyknotk nuclei, the fluid contents having evaporated. The skeleton 
contour of the cells is distinguishable. The cytoplasm stains vividly, 
while the nuclei are hyperchroma tic. 

General Effects of the Coagulating Current 
on the Tissues 

This tissue effect is produced par excellence by a high amperage and 
a strongly damped current in a spark-gap machine, or by raising the 
voltage and amperage of the radiotron machine. A lower frequency 
of oscillations is necessary than for cutting purposes. Widespread 
coagulation can easily be produced with a spark-gap machine without 
charring or carbonlfication of the edges of the wound (Fig. 3). In the 
use of this, as In the cutting current, the electrode Is brought in con- 
tact with the tissues, and then the circuit is closed. If the circuit is 
dosed before the contact Is made, sparking across from tbe electrode 
to the tissues may result In charring. This rone of charring interferes 
with the dissemination of the coagulating current and limits the coagu- 
lating effect It is also improper to remove the electrode from the 
tissues until the current Is opened. This sparking from the electrode 
to the tissues, besides the charring effect, also Induces faradic extra 
currents and muscle jerking, which interfere with the delicacy of the 
operation. Small areas of coagulation assume the form of a half globe 
or an inverted cone, the base of which is on the surface of the tissue 
hang cut. Two definite rones can be described in tbe coagulating effect. 
The inner rone is blanched and the rone external to this is hype re mi c 
jn appearance. The Inner ?one, in histologic preparations, presents a 
blue nudear staining, e.g., hematoxylin, contrasting with the red eosin 
of the intact tissue. The tissues so affected are somewhat 
shrunken and the nude! have lost their definition and stain poorly, or 
disappear. This is the typical picture of coagulation necrosis. The pro- 
tons are split, freeing blue staining add radicals with a probable 
tnerme in the local hydrogen potential. According to Doederidn, the 
P r °tem hydrosol is changed into a hydrogel. This inner rone passes 
ovc ? “to an ID-defined outer rone of shriveled cells with pyknotic 
nuclei and a region of dilated vessels. “The faster the tissue dies, 
more it conserves its original form and shape” (Ernest). The pri- 
effect of the heat is identical with necrosis of ordinary akin 
ti a PP Ues to preparations made immediately after the opera - 

«. Preparations made several hours or days later show the outer 
being Invaded by fibroblasts, round-cell accumulation, and foe- 
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eign body gfant-cell formations. Robertson and Boyd have Isolated 
from the tissues coagulated by heat two Immunologically specific toxic 
proteins. One, diffusible and thermostable, they term a “neurotoI^n/ , 
and the other, thermolablle and colloidal, a “necrotOTdn.” Pfeiffer, 
and Becky and Schmitz have isolated a toxic protein from the urine. 



Fm. 5 -— Doc liin to which h« been * petted electrode be*rfa* 

of rut tbit c m rent which would leave l vttble mark on the *urfac*. A wide w™*' 
necroil* raolu with lew current this b required to *ever the »kln. F nimmU twe w 
hair h •ecn. Vtcoottatkm appear* la the cortum [ x 6 j. 

It is probable that these tad ns produce the outer area of secondary 
necrosis. 

Nledeu has pointed out that deep coagulation, even In the inner 
zone of complete necrosis, is always uneven. In experiments in asso- 
ciation with the physicist Weiss, be tried to account for the 
ness and the direction of penetration according to the distribution 
of stream lint-- | roduced by different shapes of electrodes and marked 
variation of r -lstance displayed by the various tissues. This variatio^ 
makes the <! action of penetration and deep coagulation tmprealct- 
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able, and tbe resulting tissue Injury one of the most dangerous factors 
ooe deals with in electrosurgery. After coagulation In the vicinity of 
large vessels, a fatal postoperative hemorrhage may occur as the 
result of an unexpected necrosis of tbe vessel waU. 

Specific Effects on D iffer ent Tissues 

Skin preparations were first studied in our experiments to determine 
the type of injury produced by the minimum amount of cutting and 
coagulating current which would leave a visible impression on the 
surface. Later, attempts were made to incise the skin of the human, 



Eb, 4. — Cocar* rbcm of primary unloo* brtwe tfl dettrwoixk*] knife womuh, A, «nd 
**Ipel control w crunch, B. (Reprinted from JAJ 1 A, 96: 16-18, 1931.) 


dog, rabbit, and frog with a current producing a purely cutting effect 
Edthout necrosis. In all skin possessed of a stratum come urn, l.e., in 
types employed except that of tbe frog, specific cutting effect with- 
wt coagulation could not be accomplished. A narrow margin of coagu- 
^ 011 bounded every Indsion, although this was narrower (a minimum 
1 mm *) with the cutting than with the coagulating current. The 
s^tuin coraeum, then, resists the disruptive effect of the cutting 
curret Jt until enough heat is produced by tissue resistance to cause 
coagulation. At the time of indsion, the epidermis is blanched and is 
Conner because It is shrunken. The individual epithelial cells can no 
be discerned plainly in the stratum coraeum, while In the 
mucosa and germinatlva, the cells assume somewhat the ap- 
j~ arance of those In a normal corneous layer. The cells In the basal 
0 /£ shrunken together and have dark, spindly nuclei. The fibers 
u* connective tissues of the corium are either coagulated adjacent 



8 [v5K2f a Electros urgical Current* 

to the cut or have lost their fibrillary structure and appear as con- 
glomerate masses, often resembling hyalin in appearance. They can 
no longer be dyed red in a hematoxylin -eosln preparation, but turn 
slightly blue. Between these close-pressed masses appear shrunken 
nuclei. When the cut reaches Into the fat, only the connective tissue 
of the fat is ch a nged, the fibers being broadened, dyed blue, and con* 



Fm. j.— Tcnifk itimjth of wtjur»d healfa* In *iin of dop: The itmifti 0<taJNr 
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woend. (Rrpifated from J.AJLA. 96: ifi-iB, 1931.) 
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taining pyknotic nuclei. In the stratum ret! cul are of the corium, flat- 
tened gas bubbles appear. Keysser and Schridde seem to be the first 
to describe this phenomenon, and Schridde saw It also In the ep- 
dermis. In the skin of the rabbit, connective-tissue changes extend 
around the sweat glands at some distance from the region of the In- 
cision, and the hairs are fragmented in the changed area around the 
cut. 

The necros'- •■reduced by the minimum of coagulating and cutting 
current which vffl leave a visible impression 00 the surface of ah 
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tie skins provided with a stratum corneura presents no difference in 
type of tissue injury from that of coagulation, described above. We 
conclude, then, that it is not possible to produce a purely cutting effect 
without some necrosis on u skin with a horny layer. This slight 
necrosis produced by the cutting current does not, however, always 
preclude healing by primary intention, as I found in another experi- 
ment performed to test the tensile strength of wound healing on dog 
skins. In this experiment 60 per cent of electrically produced wounds 
showed primary union in comparison with 97.5 per cent of primary 



Fra. 7. — Complete action of Intestinal w*H of dog nith cutting current without necrosis; 
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raion in scalpel wounds (Fig. 4). When union did occur, however, 
the dectnc wounds were somewhat weaker than the knife wounds 
until approximately the twenty-fourth day of healing. Figure 5 rep- 
resents in a broken line the strength (expressed in Gm.) of union 
j ^ntimeter length cuts, pulled apart with a tensiometer on different 
Qfy* of healing of dog skin. This curve represents the 60 per cent 
n the electric cuts which healed by primary Intention. The continuous 
*“5 the 97.5 per cent of scalpel wounds. 

t wffl be seen that in the mid-period of healing, the electric wounds 
hotably weaker. At 24 days, the two curves have not yet approxi- 
when heavy dehydration is employed (Fig. 6). 
c ^ a “ e ef ^ c ts of the cutting current on skeletal muscles and the mus- 
be fiwh atomac ^ an d intestines were studied. Incisions may 

rrwl Y ®ade without any rone of coagulation whatever. There are 
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a change of orientation and shape of the superficial cells and a sealing 
of the capillaries and lymphatic channels. These incisions heal with 
approximately the same tensile strength as cuts made with a scalpel, 
and without secondary necrosis or infection (Fig. 7)* Figure 8, repre- 
senting tests on muscle section and healing, shows no important weak- 
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ne« of the electrical wounds at any period of healing. Figure 9, * 
comparison in healing of electric and scalpel gastrotomy, present* 
curves of healing for the electric wounds, considered both as to rapid- 
ity and time of attainment of maximum strength, entirely comparable 
to the scalpel wounds of the muscle wall of the stomach. 

Primary r < dermal healing presupposes two factors, he., « deposi- 
tion of a c • ■ /.cte fibrillary fibrin across the wound and satisfactory 
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fibroplasia. Baitsell, Hertxler, and Hartwell have shown that fibrin 
and collagen are deposited in primary healing by a chemical reaction 
from prefibrin by the absorption of the edema fluid of a wound (Fig. 
io). This appears to them to be entirely independent of cellular activ- 
ity and conditioned by the hydrogen potential of the wound. Fibro- 
plasia occurs first by stereo tropism of wandering tissue cells or 
dasmatocytes along the fibrin network, and later by proliferation 
of these cells, producing fibroplasia. This mechanism was described 
in 1914 by Harrison, and the work has been studied and corroborated 



Gently by Baitsell, Wereschinskl and Carrel. The last has shown 
“ at the formative stimulus to fibroplasia is not found In the blood 
plasma, but is a local product of the Injured tissues. Baker and Ham- 
mett, working In Carrel’s laboratory, found that the formative stimu- 
^does not depend upon the amino acids that the wound or adjacent 
rissue contains, but is a protein cleavage product containing a sulfhy- 
bryl group. The elaboration of this essential stimulus for cell multi- 
plication is apparently not interfered with by the application of the 
curremt to muscle or stomach, and, In some instances, to skin, 
production of a fibrillary fibrin network is generally not demon- 
after electrosurgery. Following the advice of Hertrier, I at- 
rT|P . to demonstrate this network with a Weigert-Pal s tain, and 
™rii the Kolschetxski modification, but found only a granular 
001111 deposition, such as one sees in wounds healing by granulation. 
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The coagulating current, applied to skeletal muscles and stomach, 
produces the same inverted zone of coagulation as described in the 
deeper layers of the skim The appearance of the coagulated muscle 
after a few days resembles hyalin in a necrotic area ultimately sur- 
rounded by a connective-tissue capsule or absorbed and replaced by 
fibrosis. 

Specific Effects on Blood Vessels 

The discussion of the effects of these currents on the blood vascular 
system can be divided, for clinical purposes, into: 

1. Capillary hemostasis in vessels of the size which do not usually 
bleed after the hemostat is removed in ordinary surgery, e.g., lapa- 
rotomy wounds 

2 . The coagulation of moderate-sized vessels, such as the ones which 
must be ligated before the hemostat is removed 

3. The closure of arteries and veins of the size of the radial artery, 
or larger 



Fmj. ii.— Electric lotion of vein with rupturt ol wiH *ad exirttwHtton o l blood; 
xij4. 


Hemostasis in Capillaries, Arterioles, and Venule*- — When US' 
sues are severed with the cutting current without any zeme of coagu- 
lation, capillary hemorrhage results (Fig. n), which suddenly ceases 
a few minutes later, even in such vascular tissue or muscle or kidney, 
with a facility that surprises the surgeon. This unusual effect was first 
investigated by Hdtx-Boyer, who noticed, in histologic preparations, 
the transrr -ion of elongation and stretching of the cells of the pen- 
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vasc ular sheath to a point several millimeters from the cut end of the 
capDlary. There Is an abrupt change In the muscular wall of venules 
and arterioles, causing contraction and fusion with obliteration of the 
lumen at the point of severance. The arteriole, in particular, often be- 
comes tortuous for a few millimeters (Fig. 12). The vascular lumen 
is oedaded by the collapsed walls 'and the few epithelial lining cells 
which are torn off and seen free in the lumen. In some specimens, no 
endothelial changes are seen except a curious, wave-like wrinkling in 
transverse ridges just at the point where the lumen begins to contract. 
It did not appear to Heltr-Boyer that the existence of a few avulsed 
cells in the lumen was sufficient to account for the sudden hemostasis 



Fra. 11, — Conrct d«tric*I collapse of irteriole; i jo. 


thinf Ca pfllaries and arterioles after cutting, and It was suspected that 
nnat be a rapid and abundant liberation of thrombokinase from 
tUriUon of the vascular wall. The following experiment was under- 
The serum of rabbits’ blood was placed in paraffined tubes, 
wdl-pollshed pipettes were introduced Into rabbits’ veins and 
arteries without touching the edges of the wounds of entrance. These 
"easels were then severed 1 to 2 cm. from the pipette point with un- 
Qa ®Ped current and with the scalpel. The pipettes were withdrawn 
“^Placed in the tubes containing serum. The pipettes from the 
.J 55 ' 5 electrically damaged caused Immediate coagulation of the 
^' un » w bHe those from the vessels with the knife wounds caused no 
crw^i ti° n of serum for 10 to 12 min., which is the same time tha t 
Station occurred In the control rabbit serum. They inferred from 
vmoI t n a ^ UB< * ant thrombokinase was liberated from the smaller 
asel by the action of the electric current. 
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Electric Ligation of Small Vessels. — Vessels of a size which must 
be ligated to control hemorrhage in ordinary surgery are not generally 
successfully obliterated with a cutting current Either they must be 
touched with a coagulating current, or the hem os tat which occludes 
them must be touched, in order to produce successful hemostasis. The 
less the tissue surrounding the vessel is gripped with the hemostat, 
the less the area of necrosis formed. The smaller the amount of 
necrotic tissue, the greater the chance of absorption of this tissue 
without a slough, and the less the chance of infection or secondary 



Tm. 13. — Corml “dertrtcml lijitloc" of art fry. Coo rotation of Intim wftboat 
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hemorrhage from the coagulated vessel. We experimented In coagula- 
tion of the splenic vessels and the radicals of the superior mesenteric 
vessels adjacent to the small gut in the dog and found that these 
were best occluded by use of tbe coagulating current (Fig. 13)- Th* 
walls present the same changes that occur in the capillaries on section. 
It is possible, however, to exhibit enough coagulating current to break 
the vessel all into fragments and produce hemorrhage, or to explode 
the brittle, collapsed, and constricted wall a few millimeters from the 
region of hemostasis. As one becomes more efficient, there Is a temptfl* 
tion to employ more voltage and a shorter time. This Is dangerous. 
It Is easy to generate a cloud of steam at tbe point of application 
which pushes ir*o the vessel lumen, exploding instead of sealing it- 
It b my opfau 1 that tbe successful coagulation depends upon the 
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mechanical effect of constriction of the lumen, and not on thrombus 
formation. The cells of the muscular layers appear crowded together 
and stained blue. There are the usual nuclear changes which accom- 
pany electric coagulation. The Intima is seldom avulsed and few free 
epithelial cells appear in the lumen (Fig. 14). If the vessel is coagu- 
lated in the solid tissue of an organ, the vessel change does not extend 
beyond the tissue necrosis in the parenchyma of the organ. This limi- 
tation of change was first described by Kuntzen and Vogel, who car- 
ried out experiments upon rabbits. A lobe of the liver was fixed in 


U — Corrutallont of htlm*, A, contraction of mtttde vith In electrical bemo- 
sttth; xBj. 


the abdominal wall and excised with a coagulating current. The anl- 
^als were killed on various days. The portal vein was injected with 
India ink. Thrombi were found to form only as far as the tissue 
necrosis in the surrounding liver substance. An elective depth effect 
of the current upon blood vessels did not manifest Itself beyond the 
N-fpon of coagulated liver. No secondary hemorrhages occurred along 
me vessels. This agrees with my experience. 

Sealing of Larger Vessels. — Tinker has described the coagulation 
of the blood In these larger vessels extending 12 Yx mm. along the 
lumen. We were unable to demonstrate any such thrombosis in arteries. 

Q vena, a definite coagulation extended not farther back than a 
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distance equal to the diameter of tie lumen when the vessel was 
coagulated with a current strong enough firmly to close, but not en- 
tirely destroy, the vessel. Even after several days this small, red 
thrombus was still seen in the vessel merely as a coagulation throm- 
bosis, the definition of many of the red cells being retained and the 
white cells appearing unchanged in morphology. There is no progres- 
sion In the size of the thrombus, examined several days after the 
occlusion of the vessel. According to Aschoff, this coagulation throm- 
bosis is in sharp contradistinction to true thrombus formation, which 
he describes as conglutination and agglutination thrombosis. This 
latter process presupposes the local beaping-up of platelets, which 
process Is one of the two primary factors In thrombus formation, 
the other being stoppage of the blood stream. In my opinion, the 
strength of the hemostatic effect in these larger vessels Is determined 
by the shrinkage and collapse of the vessel wall, and not by pressure 
from thrombus formation in the vessel. Based on the idea that satis- 
factory sealing of these vessels Is accomplished by shrinking of the 
wall, Harvey Cushing has originated a novel manner of dealing with 
them in neurosurgery, which is applicable In any region where the 
vessel is exposed and free from the solid organs. A ball electrode, 
about yi in. in diameter, is used in connection with the usual coagu- 
lating current of a strength appropriate to theorize of the vessel 
Beginning at the damped section of the vessel, its surface is gently 
stroked in a series of short strokes, which results in pushing the con- 
tents of tire lumen back and sealing the vessel shut as one proceeds. 

Conclusions 

The effects of high-frequency currents used in surgery depend 
definitely on the qualities of the current employed. Two types ol 
electrosurgical machines are in common use, one in which the fre- 
quency of oscillation Is produced by multiple spark gap and the ot he r 
by radiotrons or radio tubes. The first always produces a somewhat 
damped current. The less the damping, the more nearly the current 
produces a dean cut, like an ordinary scalpel wound; the more the 
damping and the higher the amperage, the greater the amount ot 
coagulation produced in the tissue at the edges of the Indslon. Botn 
the cutting current and the coagulating current have special indica- 
tions and advantages in surgical practice. The radio knife can be 
made to produce a cut without coagulation, as the current Is not 
damped. By Increasing voltage and amperage in this machine, a coagn* 
la ting cut can be produced, but this is likely to be assodn ted w* * h 
charring and prevents penetration of the coagulation Into the tissue*. 

Experimental cuts were made with both types of current on the skin 
of the human, dog, rabbit, and frog. The first three of these hare * 
skin with a stratum coraeum, and, fn the presence of this layer, some 
coagulation results before penetration of the skin can be accom- 
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plished, even with a pure cutting current. This coagulation does, not 
necessarily interfere with primary healing, but only 60 per cent of 
the cuts produced in dog's skin healed by primary intention. The 
skeletal muscles and the muscular layers of the stomach and intestine 
can be severed with a cutting current without coagulation. The phe- 
nomenon of vessel closure with a coagulating current is an Interesting 
one, involving collapse, shrinkage, and agglutination of the vessel 
walls without extensive thrombus formation. A large amount of 
thrombokinase seems to be liberated in cutting capillaries and small 
vessels. There are many serious errors to be avoided in coagulating 
vessels. Too rapid coagulation causes explosion and subsequent 
hemorrhage. 

In coagulation of tissues, the specific resistance of the tissues varies 
tremendously, e.g., fat is more than eight times as resistant as muscle, 
making the direction of deep coagulation uncertain. 

The present tendency in electrosurgery is toward the use of cutting 
currents and away from massive coagulation as being unsurglcal and 
dangerous. 
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CHAPTER TWENTY 


ELECTROSURGICAL METHODS 
William L. Clark, M.D. 

The value of electrosurgical methods in general surgery has been 
established. These methods are gradually coming into more general 
use and are growing in Importance to the surgeon. Owing to this fact 
an exposition of the newer units is herewith presented for the infor- 
mation of physicians not yet familiar with their advantages and dis- 
advantages. The present chapter will deal with the more useful elec- 
trosurgical methods, upon the basis of the effects produced in the 
tissues, which will be classified as electrodesiccation, electrocoagula- 
tion, and the high-frequency knife. 

Electrodesiccation and Electbocoaguiation 

There is an impression among many of the profession that the 
electrodesiccation and electrocoagulation methods are one and the 
same. This Is an error, inasmuch as the effects produced on the 
tissues are quite different, and these can be readily demonstrated 
both clinically and histologically. The type of high-frequency current 
by which electrodesiccation is produced is of relatively high voltage 
and low amperage, whereas the current by which electrocoagulation is 
produced is of lower voltage and higher amperage. This variability in 
factors permits the surgeon to utilize the current to best advantage 
in a wide range of neoplastic lesions. 

Electrodesiccation. — The electrodesiccation effect produced by 
the application of one of the forms of high-frequency' currents to the 
Issues was first recognized by the writer in 1908, and it was described 
by him before the American Electrotherapeutic Association in Sara- 
toga Springs, N. Y., in 1910. It was demonstrated that benign or 
J~ignant growths of small or moderate size can be destroyed by 
the utilization of heat of Just sufficient Intensity to electrodesiccate 
or dehydrate the tissues. The heat for the purpose is produced by a 
monopolar high-frequency current of the Du din type, the current 
“ring conducted to the lesion by means of a steel needle or other 
P^ted metallic applicator. Either a single or a multiple spark gap 
m hu^+ ht the circuit, but It must be so constructed as to be 

l to refined regulation. The proper current strength necessary 
destroy growths of different types and sizes can be learned best 
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from actual experience. The el ectrod eaiccatl on effect may be pro- 
duced in the tissues either by delivering the current through a short 
air space to the growth to be treated, by touching the surface with 
the electrode without an air space intervening, or by inserting a needle 
electrode more or less deeply, the method of application depending 
upon the type of. case under treatment, whether the affection is super- 
ficial or deep, and also upon the degree of tissue destruction desired. 



FUJ. 3— Eirty hual-ffll cpiibcltonn of the f.ry , 
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The electrodesiccation method with modification of technic is used 
advantageously when the lesion is comparatively superficial and local- 
ized, and when it is desired to avoid a contracted Cicatrix. It is subject 
to such control that if the technic is correct, an exceedingly small 
growth, even on the cornea, can be successfully treated without im- 
pairment of vision, or the subsequent formation of discernible scar 
tissue. A small growth on the vocal cords may likewise be destroyed 
without impairment of the voice. Likewise, such a delicate structure 
as a hair follicle may be destroyed quite as accurately by electro- 
desiccation, if correctly employed, as by the electrolysis needle. 

The electrodesiccation method has been found to be most satisfac- 
tory for the treatment of localized epitheliomas or sarcomas occurring 



S' — Eitemft* ba»t-ctll epithelioma. temporal rtyioo. fadncfinjt kiidc boot and 
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opnn cutaneous surfaces or accessible mucous membranes. If the lesion 
I ^cusive and of a very malignant character, wide resection after 
ekctrodesiccaticm with the electrosurgical knife is a practice to be 
recommended. Likewise, electrodesiccation can be employed advan- 
^S^ously, with a good curative and cosmetic effect, In the treatment 
°‘ benign lesions as warts; moles; nevus vusculosus and pig- 
rntntosus; angiomas; tattoo marks; xanthomas; lupus vulgaris and 
Cr yjhematosus; chronic varicose ulcers; localized Infections, such as 
carbuncles; certain cases of exostosis, as of the hard palate; epulis; 
^ukoplakia; papillomas; urethral caruncles; cervical erosions; endo- 
ce ™ ] ‘ dtia ; hemorrhoids; infected tonsils, and some other lesions. 

in competent hands electrodesiccation has been successfully 
m all the above-mentioned lesions, it might not be the best policy 
o employ it In every such case. Some of the conditions might even 
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be aggravated if the method is employed by one not experienced fa its 
use. Electrodesiccation is therefore but one other method from which 
to choose after a correct diagnosis has been made by surgeons con- 
versant with its uses and limitations. 

Electrocoagulation. — Electrocoagulation is produced by a bipolar 
high-frequency current of the d'Atsonval type. The term djathermy 
Ls generally employed to identify the d’Arsonyal currentThe de - 
nition of diathermy approved by the Council of Physical Therapy o 
the American Medical Association is as Mows: A term employed 
to designate the use of a high-frequency currant to generate heat 
within some part of the body. The frequency must be grater than 
the maximum frequency producing neuromuscular response, m 
oscillations may be a frequency ranging from several hundredths 
sand to several million cycles per second. When such a currant 
passed through the body at a sufficient voltage and 
resistance offered by the tissues intervening between Usdectr^ 
causes heat to be generated in such tissues. It wss d Arsonvalwbo 
demonstrated that passage of high-frequency 
through living tissues causes neither direct ^“direct _.i, c v m jdt 
of muscles, but does cause the tissues to become heated, t( J 
of Berlin, in 1907, apparently was the first to apply thk P r l^|> 
human beings ior therapeutic purposes, and to give it then*?* 
diatbermy-~-Tieating though.’ The rfae in temperature 
only on the amount of energy absorbed, but alw on the L^f^mal 
the Circulation in carrying off the heat and maintaining normal 

Either a single or a multiple apart gap may be 
coagulation, but a good multiple spart gap Is P re, '*™b -ikuo- 
” can be “stepped up” by Its use. The current P~*^**J 
coagulation is more penetrating and intensely action 
dudng the electrodesfccation eflect; in accessible locations 
to dertroy larger tissue growths; it is also useiul in cases where there 
is extensive bone Involvement n f the 

There are many variations of technic in the a j?P . , , . 
electrocoagulation method to suit the requirements of I clarity 

Thesevariations cannot vary wall be described wid. student dariV 
to permit one to practice them without other study. ^vCm^cts to 
learned from practical experience as well as s^dyH of 

excel in their use. The technic for the uncomplicated case 
the electrosurgicol operations will, however, be described . 
the chapter. These descriptions will guide the beginner, fat jw be 
mation given, for reasons stated previously, must nece»a y 

03 Whether^ electrodeslccatlon or that phase oi diathermy 

as the electrocoagulation method Is employed, the Mm ■ *j}°~ involv- 

destroy the growth completely at a single operation. In lesions 
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Ing cutaneous surfaces, the devitalized tissue should, as a rule, be 
removed immediately, either by excision or curettage, which usually 
can be accomplished without hemorrhage. In some instances it is best 
to permit the electrodesiccated slough to separate naturally without 
curettage or excision. For example, it is best not to excise or curette 
an angioma after electrodesiccating it The instrument used for exci- 
sion should, if possible, cut through the tissues already electrocoagu- 




Fig. 7. — Very advanced baaal-cril 
epithelioma tnvTdrtng cheek, owe o oi 
Itroctum, and parotid gland. Had 
rabtrd a-ray treatment 
Fio 8. — Revolt of ooe elect roc o» gu- 
ilt ion treat men t under ether anesthesia. 
Note absence of contracted tear, with- 
oot tkto grafting; remarkable orrln* 
to the great extent of the disease; no 
recurrence hi ij years. 

Fat 9- — Showing photopapfc of lame 
patient taken u yarn after treatment 
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lated, and not through the viable tissues beyond it If necessary, the 
base may then receive further electrodesiccation or electrocoagulation 
treatment 

Excision or curettage immediately following electrodesiccation or 
electrocoagulation is practiced less frequently in lesions within the 
mouth, or on mucous membranes elsewhere, than upon the skin sur- 
face, owing to the greater possibility of secondary hemorrhage which 
is due to the maceration of the tissues by secretions, and also to the 
liquefaction necrosis caused by bacterial Invasion. When erdsion or 
curettage following electrocoagulation is not practiced, the devi tallied 



Fra. io. — A dvanced baaal-ctll epithelioma of the noae. 
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tissue is permitted to slough naturally, and to separate by degrees. 
The tim e which elapses before separation of the slough depends upon 
the character of the tissue destroyed, whether dense, loosely combined, 
friable, or necrotic, and also upon its anatomic location. It may take 
bat two days in some cases for the slough to separate, and in other 
instances it may take as long as seven days. Bone or cartilage when 
subjected to electrodesiccation or electrocoagulation will sequestrate 
in from about six weeks to two months, depending upon the Intensity 
and quality of the current employed for its devitalization. 



F®. 15 — BuktD epithelioma of the no*e. 

Fm. 16. — After one electrodnf (ration operation. Note cocmetk remit. 


Electrosurgical Methods and Irradiation 

Since electrosurgical methods, radium, and x-rays are so frequently 
employed together in the same case, one method cannot be properly 
discussed without also considering the others. In dealing with localized 
bcn lgn or m al ign ant lesions, the superiority of these electrosurgical 
F^tbods over irradiation Is shown by definite histologic changes, and 
by the critical comparison of clinical end-results. This may be ex- 
plained by the fact that where electrosurgical methods are employed, 
*he diseased tissue only Is destroyed, and the vitality of the sur- 
twniding normal structure is conserved. Subsequent treatments by 
el ectrosurgery, should they be necessary, offer quite as good a pros- 
of success as though the tissues had not received previous treat - 
^-nt, owing to this conservation of the vitality of the adjacent tissues, 
yn the other hand, with irradiation of such intensity as to produce a 
let haj effect upon the cells of malignan t or other types of growths, 
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lated, and not through the viable tissues beyond It If necessary, the 
base may then receive further clcctrodeslccation or electrocoagulation 
treatment. 

Excision or curettage immediately following electrodesiccation or 
electrocoagulation is practiced less frequently in lesions within the 
mouth, or on mucous membranes cisewhere, than upon the skin sur- 
face, owing to the greater possibility of secondary hemorrhage which 
Is due to the maceration of the tissues by secretions, and also to the 
liquefaction necrosis caused by bacterial invasion. When excision or 
curettage following electrocoagulation is not practiced, the devitalized 
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Electrosurgery and Irradiation 


Indications and Contraindications. — Owing to these resultant 
changes, irradiation should certainly not be used routine!}’ in con- 
junction with electrodesiccation or electrocoagulation in distinctly 
localized benign or malignant lesions, with the exception of very 
malignant squamous-cell lesions (such as grades 3 and 4, according 
to Broders) when irradiation treatment In conjunction with electro- 
surgical methods should be considered for its lethal effect upon possi- 
ble outlying malignant cells, since there is fl greater likelihood of 
the existence of such cells and of their recurrence in this more malig- 
nant type of lesion. However, after any treatment recurrences may 
not always be due to incomplete primary’ work, but rather to entirely 
new lesions occurring in soil favorable to their development. 

There are instances of advanced cases of malignancy in inaccessible 
locations in which electrodesiccation or electrocoagulation Is not ap- 
plicable, owing to the involvement of vital structures and to the 
Impossibility of doing complete work. Unless the lesion can be com- 
pletely removed well beyond into the normal tissue, electrosurgical 
methods are, as a rule, contraindicated. In exceptional cases a large 
necrotic mass of malignant tissue may be removed by electrosurgery, 
even though the work Is known to be incomplete, to permit of the 
more satisfactory, immediate use of radium or x-rays. In such cases, 
irradiation, as the most important factor in treatment, is preferable 
to other alternatives. My experience has been such, however, that 
I feel strongly that electrosurgical methods, with the exceptions 
noted, should be employed alone In primary localized lesions, where 
it is possible to remove all the disease at one operation. 

Electrodesiccation and electrocoagulation are both contraindicated, 
^rith the exception noted, in extensive lesions that cannot be destroyed 
in their entirety with one operation. If any of the disease is left, it will 
usually be stimulated to greater activity unless Irradiation is Immedi- 
ately employed thereafter. If vital structures are Involved and the case 
15 inoperable, then irradiation treatment is preferred to electrosurgical 
or other methods. 


In addition to removal by electrosurgical methods of primary lesions 
°f the very malignant squamous-cell or other types of growths, it Is 
ffnite important, indeed it is necessary, to treat the lymphatic drain - 
age areas by radium or x-rays, or in some instances by a combination 
of both, to inhibit or destroy malignant cells migrating to the glands, 
w to destroy the pathologic element if true metastasis haa already 
t*ken place. In some instances it is necessary’ to excise the involved 
E^mds, by means of either the high-frequency knife or the cold scalpel, 
/ms Is especially true if the glands have broken down. Preoperative 
irradiation of the metastatic glands inhibits the proliferation of mallg- 
Dant thus recurrence after removal is less to be feared. Post- 
Irradiation at the site of the excised glands Is also a practice 
" « recommended. 
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It is impossible to avoid lowering the vitality of the surrounding 
normal tissue by producing nerve, tissue, and circulatory changes. 
This is true, at least to a certain degree. Therefore, in case of 
recurrence, little more can be hoped from further irradiation treat- 
ment, owing to the decreased radio sensitivity of the tissues and also 
to the resultant changes before mentioned. These are facts well known 
to experienced radiologists and other close observers. 
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As before stated, electrodesiccation and electrocoagulation are 
adapted to the treatment of benign and malignant growths of the 
skin and accessible mucous membranes that are limited in extent 
and do not involve vital structures. These methods are therefore 
peculiarly adapted to the treatment of neoplasms involving cutaneous 
surfaces, as well as lesions occurring in accessible mucous membranes, 
such as are found In any part of the oral cavity and adjacent parts 
on the lip, jaw, nose, throat, tongue, larynx, eye, sinuses, orbit, par- 



>5 — Extensive bcuI-ceU epithelioma involving *~bo!e of upper Dp, antrum, no»e, 
alveolus, sud hard mist*. Recurrence alter exdslon, radium, i-ray, and aerum 
treatment. 

Fn. t6 . — Result of one dectrocoatulation operation. N'o recurrence In 15 yean. 

Fat. >7- — Features constructed by sculpture method and attached to spectacle frames. 

otid gland, ear, etc. Likewise, they may be employed advantageously 
m growth; of the bladder, the operator working through an oper- 
*ting cystoscope, or through a suprapubic opening; also growths of 
jhe vagina, urethra, uterine cervix, and the rectum may be treated 
oy this method. Recent experience has shown that the high-frequency 
knife may be effectively employed for the removal of growths of 
*ne abdominal serous membranes. 

bince malignant lesions of mucous membranes are prone to be 
i^ore active than those occurring on the skin, the efficiency of electro- 
ns! ccatj on and electrocoagulation is In some instances increased by 
combination of tbe high-frequency knife, the cold scalpel, radium 
x-rays. The basal-cell type of epithelioma, occurring, for example, 
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Effects 
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The choice between local or general anesthesia in a given case is a 
mattrr of the personal judgment of the operator, although it might 
be stated that much of this work can be done under local anesthesia. 
It seems advisable that ether be removed from the room during 
dectrosurgical operations, the operation being performed while the 
patient Is coming out of ether. Dr. Mock states that he covers the 
ether mask with a wet flannel blanket during electrosurgical thyroid 
operations. He further adds, “Ethylene should never be used when 
electrosurgery is employed.*' 



Fm. 3?. — Stpumwa-cell cpttbeflom* of floor of mocth and alvToho, fnde 4. 

P* 3 - 3° — Rooft of om elect rcxJeiJ«rc*t Ion operation ud radium to lymph nodei. No 
tn s yrara. 


Effects of Electrodesiccation and Electrocoagulation. — In 
addition to the dectrodesiocatlon or electrocoagulation effect on the 
affected tissues, and to the sealing of blood and lymph channels, the 
heat penetrates beyond the area actually destroyed and devitalizes 
ma hgnant cells for a considerable distance beyond, without perma- 
impairing the normal tissues, thus lessening the likelihood of 
local recurrence or metastasis, and conserving the maximum amount 
of normal tissue. It is, however, difficult or impossible to determine 
any means now at our command exactly how far this heat pene- 
j w b a given case, and the depth to which the malignant ceils are 

destroyed. 

Malignant cells, especially those that are least differentiated, are 
morr vulnerable to brat and are devitalized at a lower degree of heat 
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on cutaneous surfaces, such os the face and eyelids, is of relatively 
low-gmdc malignancy, and though the lesions may be extensive both 
as to area and depth, even though complicated with bone Involvement, 
they may be so effectively treated by the cleclrodcslccatlon or electro- 
coagulation methods that recurrences arc infrequent, provided the 
operations are properly performed. 

In localized squamous-cell epitheliomas, however, on cutaneous sur- 
faces or mucous membranes, which are found to be more malignant 
In type, the results arc almost but yet not quite as good as In the basal - 
cell lesions, the results depending to a great extent upon the grade, 



Fra. 1 8. — IEurtratbjc the rrsoh of «□ elertwtmjcuUUon open t km for 
very fir ■d’nocrd rocket uktr Lnrofvb* the « hole of the upper Dp, po*. 
rthmokb, frooUl »od left orUt. The dan wmJ «po#ea, ye* the p*tknt rccor- 

tffd and Urtd for three ye*n »fter the opentkm. 


or in other words, upon the degree of differentiation In the cells, from 
the embryonic to the adult celL This differentiation can be demon" 
strated by the trained pathologist. The recognition of differentiation 
In cells has proved a valuable guide in planning treatment In such 
cases, radium or x-rays should be used locally In combination with 
elect rod esiccatlon and electrocoagulation. When the cells are embry- 
onic in character they exhibit but slight resistance to Irradiation 
treatment On the other hand, when differentiation has progressed 
they show greater resistance. Therefore, to obtain good results the 
dosage most be increased to overcome this resistance. When the 
growth is no longer localized and metastasis has occurred, it is again 
emphasized that other methods must also be used In addition to elec- 
trosurgical methods. 
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Apparatus and Operator 

ated cells Is also well established. This property of heat penetration 
should not, however, influence the operator to do incomplete work, 
for it ca nn ot be relied upon entirely in all instances to destroy deeply 
located malignant cells. It is safer to err on the safe side by perform- 
ing radical operations when one has to deal with malignancy. The 
sealing of blood and lymph channels and the prevention of dissemina- 
tion of malignant cells should be an advantage, and might conceivably 
aid in preventing local recurrence and metastasis. The frequent im- 
mediate relief from pain after operation is worthy of note. There is 
no held of surgical specialization In which electrosurgical methods can- 
not be employed to advantage in some cases. 



Fhv J4 — nhutraling ■ cut of rpolk. Elect rtxWicn tion h > mccmful mttbod of ln*t- 
ment, contervinj the maximum of normal *l-ructirrr 

^Apparatus and Operator. — High-frequency apparatus, as devised 
different manufacturers, vary greatly In construction, hence there 
corresponding variation In the quality of the currents produced, 
the thermic intensity may be too great or too little, and an undesir- 
able faradic effect producing shock and contraction of the tissues Is 
be expected when the Improperly constructed machines are used. 
Tms lack of standardization Is unfortunate, since in order to produce 
j ^ttbndesiccation and electrocoagulation effects under Ideal condi- 
60 accurate balance must be obtained between the voltage and 
^Pcrage, and also between the capacity, Inductance, and resist- 
aDce> Thus, different operators employing various types of apparatus 
jB*yobl*in different results. Indifferent results can be obtained, or, 
^k-cd, Irreparable damage can be done by an operator not possessing 
practical knowledge of the various factors involved. This notation 
^cems appropriate and most Important, since a considerable number 
. come under obs«-vation that have been Improperly 

fated by electrodesiccation and electrocoagulation; thus an errone- 
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than arc normal cells. This seems to have been demonstrated by the 
experimental work of Doyen and others and It has been borne oat by 
my own practical experience. The thermic sensitiveness of these cells 
to the action of the high-frequency current has often been observed 
clinically and demonstrated histologically. Likewise, the greater sensi- 
tivity to radium and x-rays of embryonic cells than of wcll-differenti' 



Fra. 3 J . — Sho* Id* typical remit of one elrctrocuajrabtk* operation foe rrtmrfvt 
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cro Impression has been made on the minds of those seeking authentic 
knowledge concerning the methods. Moreover, elect rosurgical methods 
can be practiced with a maximum degree of satisfaction only by those 
who have had ample surgical training and experience. These methods 
should not be considered as something distinct and apart, or as a 
specialization, but rather as a valuable adjunct to the surgeon trained 
m surgical judgment and technic, and with sufficient operative ex- 
perience. 

General Technical Considerations. — There are many variations 
in the technic of electrodesiccation and electrocoagulation to meet 
various indications. The technic cannot be completely described; it 



19- — Shewing » can of idimintlnoan, tnodiied. » b anal, with bone cyiU. 

Ekdrocn*jtil*tk>ci b a mctmful method of treatment. 

nnut be learned by studying the technic of a capable operator and then 
further perfected by practice upon raw meat and laboratory animals 
before human subjects are treated. I desire to impress the fact that the 
technic of dectrodeaiccation and electrocoagulation is not simple, nor 
should the work be undertaken lightly. Much good can be done by 
using them judiciously, and perhaps considerable damage can result 
from their improper use, even In the hands of otherwise accomplished 
surgeons. Thorough preparation should therefore be made before 
“pfging in what might possibly be a hazardous procedure. While 
those who employ electrosurgfeal methods judiciously have reason to 
he enthusiastic, they should not grow so enthusiastic as not to realize 
the limitations of these methods, for they do have limitations. The 
scalpel, bemostats, and sutures cannot by any means be discarded 
ro ® use in general surgery. 
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Each case should be regarded as a law unto itself, and after full 
advantage has been taken of our superior present-day laboratory and 
other facilities, should be studied, intelligently and judicially, before 
a decision regarding the proper method, or combination of methods, 
is reached in a given case. 

Group Practice. — Since It is well-nigh impossible for one man to 
become thoroughly proficient in the expert application of all measures 
hitherto mentioned, group practice is perhaps the best solution of 
the difficulty. If one is not in a position to employ all recognized 
methods ami adjuncts, either by oneself or in group practice, one 
shculd not attempt to treat cancer, except, perhaps, in selected cases. 



Fnj - UnkoptaLfa 0 f the tcmjoe- Ekctrodoicoiion ti the mod utMidary t raiment 
for l hh Winn on iny «cte*ribU mocoa* merobrmne 

Hemorrhage. — When elect rodesiccation or electrocoagulation is 
ttrrectly employed, hemorrhage during, or immediately alter, the 
°Pcration is not likely to occur. Secondary hemorrhage may possibly 
occur several days later at the time of separation of the slough, when 
the larger vessels have been electrodesiccated or electrocoagulated 
through. Usually, however, organization has taken place by the time 
separates and the terminal ends of the vessels have throm- 
oosed, thus preventing hemorrhage. This, however, cannot always be 
ofPeoded upon. This risk, when such a possibility appears to exist, 
be obviated by preliminary ligation of the involved blood 
if ft is practical to do so in a given case. This is especially 
t^wnen the electrodesiccatlon or electrocoagulation method is em- 
Pt°ycd, in which case sutures axe not used and the wounds must heal 
°y granulation. When the high-frequency knife is employed, the larger 
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Operator* should therefore be trained to know when other methods 
ore indicated In preference to electrosurglcal methods, and also when 
other methods should be used in conjunction with them. Contrariwise 
they should not employ cold scalpel surgery' when electrosurgial 
methods can be employed to better advantage. We should not lose 
sight of the respective value of the cold scalpel, the high-frequency 
knife, radium, and x-rays, especially In cancer work, each having a 
place in modern practice. Electrosurglcal methods cannot be practiced 
to full advantage without according to the other methods full and 
equal consideration. Elect rosurgery is but one, though a valuable, unit 
in the progressive surgeon’s armamentarium. 
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of the high-frequency knife. Some surgeons of experience who have 
weighed both methods in the balance prefer the latter method. 

May I stress the important fact that the use of the electrodesicca- 
tion or electrocoagulation method of treatment will frequently reclaim 
cancer cases that would have been quite hopeless were these methods 
not available. 

Histologic Studies. — The microscopic picture of neoplastic tissue 
submitted to electrodesiccation presents typical characteristics. While 
the cells still retain their outline, they appear shrunken, elongated, 
and dried up. Evidence of such degenerative changes as hydropic 
or fatty degeneration is not discernible. The blood vessels in the 
Immediate and adjacent field of operation are thrombosed. 



— niiatnthix a cue of advanced jqauootB-cefl ardnoma, extesding throurh 
aho Invtdrfn* the alveolm, floor of mooli, and tongue, wlti metaabufa lo the 
OTOcal jUnd*. Modi of the cheek and dfaeued part* In other location# removed by 
°* t ^ r °voa)pi l i t loti , lower taw rejected, and nuilom med interjtltiaDr In the gland#. After 
wtthoot recurrence, a pintle operation vu performed, ut In ling a flap from the 
aae - naamence fn 15 year*. 

In tissue subject to coagulation there is complete loss of cell out- 
The neoplastic cell element seems to have fused Into a struc- 
jjfriess homogeneous mass, with a resulting hyalinlxed appearance, 
the blood and lymph channels are thrombosed. The secondary and 
“ssodated changes in all such lesions are degeneration and fibrosis, 
'•aether the fibrous and connective tissue shall be abundant and 
dense, or less abundant and soft, is influenced by the amount and 
nature of the accompanying degenerative and necrotic material, which 
ar 5 determined by the particular type of irritant. Thus, after 
^ctrodesiccation the fibrosis is slight, and the resulting scar is soft 
j Pliable. Following electrocoagulation the fibrosis will be more 
** abundant, the amount depending on the Intensity of the heat 
derated and the consequent degree of frame destruction. 
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vessels should always be ligated and the fndslon dosed by proper 
suturing; the wounds arc then expected to heal by first intention. 
Disappointment in this has, however, sometimes occurred, depending 
for the most part upon the dexterity and the experience of the operator 
in the use of n new method and instruments. 

Gastrostomy and Colostomy. — In cases of mouth and throat ma- 
lignancy, when a patient’s vitality is low and he is undernourished 
owing to his inability to Ingest the proper amount and quality of food, 



Fro. 44- — ntmlnUot) of trorienh of hard wfakfa * wnf dn>» *J*«ddb* u 
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and when tube feeding through the nasal passage is Impractical, a 
pieliminaxy gastrostomy should be performed and the patient tec 
through a tube until in proper physical condition to withstand the 
proposed operation. It is noteworthy bow some patient s im prove 
physically after resorting to the rational expediency of gastroston^. 
A gastrostomy can readily be done under local anesthesia, and the 
opening in the stomach can be dosed after it has served Its uxeiot 
purpose. It Is likewise prudent In the majority of instances to perform 
a colostomy before attempting treatment of cancer of the rectum*^ 
There are numerous other circumstances frequently met wherein 
the combination of the cold scalpel and some form of electrosurgery 
can be employed to advantage. Such operations as gastrostomy and 
colostomy may be performed either by the cold scalpel or by means 
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shorter operations, the decrease in trauma, and tne greater possibility 
of sterilization are the chief advantages of the method. 

At a conference on electrosurgery during the meeting of the Amer- 
ican College of Physicians in Philadelphia, October, 1930, Dr. Howard 
A. Kelly spoke upon the subject of electrosurgery in part as follows: 
In brief summary, some of the conditions with which we deal are: 
Various malignancies about face, lips, mouth, tongue, fauces. 

For carbuncles it renders lignil services in ejecting the diseased area, 
leaving a dean, sound, aseptic, rapidly healing wound; in fact, it undoubtedly 
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Conclusions Regarding Electrodesiccation, Electrocoagulation, 
and Combined Methods. — Electrodesiccation and electrocoagulation 
when employed with correct technic arc perhaps the most satisfactory 
methods yet designed for the treatment of localised neoplastic and 
allied lesions of the skin and mucous membranes. The cold scalpel, 
the high-frcqucncy knife, radium, and x-ray are also valuable and 
Indispensable In their respective rflles, and in some instances they may 
be used advantageously In combination with electrodesiccation and 
electrocoagulation, each method complementing the other. 
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Owing to the flexibility of the high-frequency currents, it is possible 
so to regulate the capacity, Inductance, and resistance, with variable 
degrees of damping, as to permit cutting through the tissues with a 
suitable electrode quite as accurately and as cleanly as by the cold 
bistoury; moreover, the wounds will heal by first intention. I had 
the opportunity of experimenting with, and reporting to the manu- 
facturers upon, one of the first practical machines and instruments 
designed for this work about one year before it was adopted for 
practical use. Dr. George A. Wyeth, of New York City, following up 
these studies, first called the attention of the medical profession to 
the perfected cutting current in a paper read before the Surgical 
Section of the New York State Medical Society in Rochester, N. Y. f 
April, 1924. Schmidt, Kelly, Ward, Cushing, Mock, Trowbridge, and 
others later contributed toward the development of this method. 
Surgeons throughout the world are now widely employing it in major 
surgery, Including abdominal, intestinal, thyroid, gynecologic, genito- 
urinary , nose and throat, eye, ear, and brain surgery, especially in the 
case of neopla 1 diseases. The minimized primary hemorrhage, the 
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misting tissues by coagulation. In the spinal cord it is any to prognosticate 
a use in all lesions where it is simply necessary to divide a nerve trank or to 
destroy benign or malignant growths n» tit a without the usual protracted 
manipulations for exposure and removal with the attendant traumatisms . 

In all these operations, it is advisable to maintain the careful technic of 
the operating room In major and minor surgery. This should be done for our 
own takes and in no wise to Impress the patient. How far we may safely 
modify oar stringent technic will appear only after considerable experience. 

In closing, I feel profoundly thankful that our honorable society, composed 
ai It is of oar leading surgeons, Is seriously taking this matter in hand. 
Personally, I give thanks for such a new and potent adjuvant, which sim- 
plifies our technic, speeds the operation, does many things better, and some 
thrngi heretofore impossible, while it greatly lessens pain and the liability to 
subsequent infections. [Sarg. Gyntc . Obit., p. 503 (Feb. 15) 1931.] 

Dr. Oscar E. Nadeau, Chicago, HI., summarizes his experience as 
follows: “The electrosurgical unit in its present state of development 
fa a distinct advantage In modern surgical technic. New indications 
are found every day. It is a new method, the details of which must be 
thoroughly familiar, not only to the surgeon, but to the entire staff 
of assistants and nurses.” [Sorg. Gynec. Obst ., p. 511 (Feb.) 1931.] 

Dr. Howard Lflllenthal, of New York City, at the conference men- 
tioned drew from his experience the following conclusions: 

I. The electric method under discussion promises to be a great aid in 
general surgery. 

J. The tendency to wound Infection is greatly reduced. 

3- Hemoitasfa Is quick and sure. In my small series of cases there has 
been no secondary bleeding. 

4- Healing has been normal in rate and in firmness. The time fa too 
*hort to form conclusions as to keloid. Thus far I have not observed this 
condition. 

3. When local anesthetics were employed, my i m pr ess ion is that there 
®ayhave been electric subjective reactions of pain, and that the pain or 
^comfort was more than when the scalpel was used. On dividing muscle, 
has been more twitching than is ordinarily seen on knife section. 
(Twitching Is caused by faradilm due to improper windings in apparatus. — 
w - L. Clash.) 

The apparatus must be properly managed. Its liability to get out of 
» °r to diminution in functioning power, may have to be consldered. 
Dras far I have not noted deterioration of this kind. It seems to me that the 
e * ct dc method fa extremely valuable in general surgery, and that the wounds 
*re more likely to be aseptic than those in which the scalpel fa used. 

^fthfa discussion I have not dealt with the technical part of electro- 
^8^7- There fa danger of producing accidental burns by contact of 
wtrode with metallic bodies in the wound, such as metal retractors or 
™y damps. I believe that the principal use of the new method In 
utrgery will be for making Incisions in the soft parts, including the 
t£' “* of CoUrM ' 1° •Fe removal of leslcra outside the body cavity. 
. l J c " n of U* electrode on the tisanes seems to be that of intense heat, 
the Intensity fa 10 great that with the cutting motion there is rapid 
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replaces tie actual cautery which has been growing In favor, and fa Infinitely 
superior to the wretched poultldngs. 

No method outside of the wonderfully effective services of radium fa worth 
considering in dealing with malignant tumors of the scalp. 

In malignancy of the skin In all parts of the body, electrosurgery fa second 
only to rodfum; It supersedes rndfum In nevi. Often when the use either of 
the i- ray or radium has been overdone and there slUl remains a sclerosed or 
an extensively ulcerated mass, nothing approaches the efficiency of the exsec- 
tioci of electrosurgery. 

EWthellomas of the dorsum of hand or wrist, even when the growths ex- 
tend Into the tendons, are admirably handled by electrosurgery, which fa 
secondary only to radium well-managed. 

For certain breast cases It Is supreme, especially Id the presence of nodular, 
ulcerated, massive sdrrhous breasts, when there fa not a shadow of a hcce 
of n successful removal by classic methods. In such case dectrosurgkal extir- 
pation of the mass often proves of Inestimable value In stopping the pain 
and the discharges, as well as In freeing the poor victim of the unsightly re- 
minder of a doom dally approaching. Nor need one always beslute even 
when there fa fixation of one or more massive glands. After the main mas* 
fa removed, areas of lingering disease can often be coogulated out of exfai- 
ence and glands can be removed, or, with the fire of the heavy flashing 
current, destroyed in litK and left to be absorbed. Some patients In thb group 
express more gratitude for relief than others do for a radical cure. In many 
instances recurrences are slow to occur and when the patient fa old, it be- 
comes a special blessing, as she may go to the end apparently cure d. 

Malignancies about the abdomen offer a fertile field for electro? urgery. V\ e 
can destroy papillomatous ovarian Implants faster than It can 
Small areas of carcinoma are readily destroyed and left where found, while 
a sdrrhous nodule In the intestinal tract can be widely destroyed even 
through into the lumen of the bowel and abandoned after turning It inarm 
suturing the wound with a couple of Lambert sutures. In resect Ipg the bowel 
for malignancy, If one finds an affected gland in the fork of » 
terfc vessel distant from the field of operation, It can be wip ed a n or 
existence by puncturing It and coagulating the whole gland, H t*, 

by grasping the vessels with the fingers to limit the transmission of the beat. 

Malignant vulvar disease should always be removed by elcctrosurgery 
any inguinal glands sparked out of existence. 

In experiments on the liver and kidney, Ward and Pearse have resects 
portions of both organs with a marked lessening of the hemorrhage. In e 
liver there was practically no bleeding during excision of a complete 
In nephrotomy and partial nephrectomy, in spite of the large arterial wpP-fr 
of the kidney, bleeding was markedly diminished In the peripheral tre *? _ 
the neighborhood of the pelvis, the larger vessels required cto rn P* D ^ . 

aguhrtloo. Scott has carried this Into the dinlcal field, removing portions o 
the kidney for tumors and stone. . 

Electnnurgery is opening up a large field in brain work «s it win 
spinal cord surgery. In the brain, as shown by Cushing, dectroeurgery 
the greatest value In opening up the meninges, In making a safe P** 3 ^. 
an abscess, and above all In the effective handling of hemorrhage. It 
enlarges the field of control over malignancy, simplifying the renM ™*'L r , 
the disease in sterilised “enri*” and In the further treatment of the encap- 
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tends, perhaps, to prolong solid union. This fa, of course, not necessarily 
tie fault of the electric technic, for slow healing in fat subjects Is never 
surprising. Broad approximation of wound surfaces and an interval of a 
day or two longer before removing sutures are advised. 

The electric scalpel cuts so keenly and with so little pressure on the 
tissues that great care must be taken not to go deeper than fa intended. 
For example, in dividing the abdominal wall the peritoneum should be 
entered In the usual way with knife or scissors for fear of Injuring the 
viscera by the current. In the region of large vessels or of important nerve*, 
the greatest delicacy of manipulation must be observed. 



rnc £}. — L*rp: round-ecll urtom* lavohioc fare, antrum, malar bone, floor of orbit, 
and ethmoid rfmoea, u wcfl u Uawes within the orbit. 

F»- 54- — Showing result of ooe radical ekctrocoajniUtkra operation tndodfn* erenter- 
Uloc of orbit. (No other method could poasfWy have produced such a result) 

The outstanding features of electrosurgery are the saving of time, the 
Rreatw assurance of asepsis, and the redaction of what may be called 
the massage effect, so dangerous in operating through infected or neoplastic 
ltractarex - [Sarf. Gyucc. Obst., p. 513 (Feb.) 1931*] 

Dr. Edward L. Keyes, of New York City, spoke conservatively, 
^ loa ^ 1 1° the main favorably, of electrosurgical methods for certain 
derations in the genlto-urlnory field. 

Dr. John D. Ellis, of Chicago, In his paper, “The Healing of Elec- 
tros urgi cal Knife Wounds,” summarizes as follows: 

I. Only 60 per cent of dectrocutling akin wounds In dogs where the 

of current was used healed by primary intention, as compared 

97‘5per cent of scalpel wounds. 

J. This 60 per cent which bealed did not present a tensile strength 
e * u * 1 10 ^ scalpel wuunds for ai days. 
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linear disintegration of tissue with minimum charring or coagulation. A 
cautery blade of the ordinary type loses Its heat by contact with the tissues, 
so that coagulation b more massive and the knife sticks to the sur- 
face of the wound. With the electric scalpel, on the contrary, the wound 
b dean cut, and except for the absence of bleeding, Its edges In skin in- 
cisions resemble those made with the sharp knife. 

Skin, fat, and musde are divided without apparent effort by the operate*, 
and denser structures such as fibrous tissue may also be sectioned, but 
more slowly. Capillary oozing b practically absent With the rapid cur- 
rent which I have used In my operations, there b bleeding from many 



Fm. 57. — Eitenrive ta*at-cell rpUheSom* of the rodent uVtr type. farroWns tb* 
abdomen, two rib*, and at one point extendio* aim cut through to tb* pfinooetnn. 

Fio. 57. — Remit of one efcetrocoajcutatlon operation under ether iDettbetb. No r«*r- 
rtnee In 6 yean. No other method but electrocoagulation could have actompfivjed men 
a food rrault- 


of the smaller as well as the larger vessels when they are divided , bu t 
this depends, of course, on other things than the mere division of the vessel, 
e. g., the coagulability of the blood and the elasticity of the vascular wall*, as 
well as the hydro*tatlc pressure In their lumen. All bleeding points are 
caught with forceps. WTiether a vessel needs to be ligated, or whether It 
may be permanently sealed by touching the clamp with the coagulating 
electrode, can be determined only by experience. ... As a rule, however* 
a small spurting vessel which hai been sealed should not bleed on lightly 
sponging the wound. If there fa any doobt, ligation should be 
in ordinary surgical procedure. In any event, I believe it Is safest tode*l 
individually with wounds of the ve»el*. Secondary hemorrhage In the ebaence 
of suppuration Is no more likely to occur after an electrically made wound 
than after an incised one. I confers to insufficient experience to gen- 
eralize too certainly in this matter, although in some of my caws tie 
wounds have been very extensive. IV Am there has bet* neat 
tlon, primary union may be confidently expected. I feel, however, taK 
in the electrically produced wound the presence of a thick adipose layer 
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i. Rapid and complete severance of the tissues, whether for removal 
cr simple incision through normal or abnormal structures. Tbe rate of speed 
In handling the electrode, together with tbe power control, governs the de- 
gree of dehydration and the electrocoagulation of the severed surfaces, and 
hence controls or checks the bleeding or oozing from capillaries and also 
seals the lymph vessels, thus giving a dear operative field. Such a dear 
operative field favors an easier and quicker operative technic, together with 
the elimination of the obstructive hemostatic forceps and the constant 
and bothersome use of gauze sponging, thus reducing the time limit of an 
operation — major or minor — to a minimum. While the smaller blood vessels 
are thus controlled by the dehydration of the cutting electrode, the larger 
vessels should Invariably be ligated as a procedure of safety. 



Fax 57 . — BimI-oD exitlieflcwna tnrolvin* upper and Icncrr CTtBds. cantlras, and 

najunctin. 

i if* 0- — Sboirtn* * tjpical result of the elect rodcsicta do n removal of wdi lakes. 

J have personally treated over 500 cun of epithelioma of tbe eyelid* awi canthf, and 
experience Indicate* the crest ealoe of the elect rodericcatlon method hi these lesion*. 


3 - The facility of using the electro«nrgkal knife is acquired only by 
Ikormgk study of the manipulation, and strict attention to the principles 
ft^^ming the use of the same upon living tissues of the human body after 
multifold experimentation upon a non viable subject. 

In so using the dectrosurgical knife, it has been the custom of the 
to entrust tbe management of the foot switch — which let* on or rt- 
** 5e> the current— to the trained assistant operating nurse, who at tbe 
““^mcement of w oo” or “off” controls the current This feature cannot be 
onphajitfd too strongly, inasmuch as the operator should give his sole 
f t0 ^ tec * m * c the operation and not be disconcerted by the use 
” c i* 00 * 00 ^ too, the operator can then be free to 

change his position as the exigencies of tbe operation demand. 
theuSc* 1 *? * bould nevw alknvtd to use tbe dectrosurgical knife on 
•«uviDg human bod 5’> nor tbould “y surgeon attempt to use it without 
F"tV)om close study of its applicability and manipulation. 
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3. Incisions of the stomach and muscle with the electric knife present 
a much more satisfactory percentage of union and strength of ricntrlzatlon 
comparable to tbe wounds with the scalpel, except that the electrocutting 
wounds of the stomach were notably weaker at the midpoint of healing. 

Dr. A. C. Scott, Temple, Texas, in his paper, "Electrosurgeiy in the 
Treatment of Malignant Disease,” stated, "Observation in tbe use 
of the loop cautery knife in more than 1,500 operations for malig- 
nancy leaves us with no other alternative than the conclusion that 
at present it Is the safest and most dependable means of eliminating 
local recurrence of malignancy after major surgical removal.” 



FB. 55, — ilrtcmivT bottl-eefl dJlheEom* inTtdrin* tbe «ye, all U»oa la the orb*, 
booe, noae, and tijaua mrrotmdlng the orbit. 

Fro. 56.— Rcaolt ol removal of cB*ued tiwue, inchidfea coopHe ewntmtfcn o! 
orbit by tbe cnajulatloc method. 

Other papers by Dr. H. F. Pierce , Ph. D., Baltimore, Aid., Dr. A- L. 
MacLean, Baltimore, Md., and Dr. Bowman C. Crowell, Chicago, lit., 
commented favorably upon the possibilities of the high-frequency 
knife in general surgery. . . 

The following has been contributed by Dr. Edward H. Trowbridge, 
AJd., MJ)., F.A.C.S., of Worcester, Mass.: 

In the employment of any ipedal instrument or apparatus in surgery, 
certain prerequisites are obvious. 

A. General applicability. 

During tbe past three years tbe elect rosurgical knife has b«o 
In all operative cases In the Harvard Private Hospital, Worces t 
whether major or minor in character, such aa incisions through the aboomm^ 
wall, cholecystectomy, appendectomy, cystotomy, abdominal hysterectomy 
(supravaginal and complete), cesarean section, amputation of cervix. 

B. Tbe various features of the elect roe argf cal knife are as follows: 
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ceps, which would obsotre the field and retard the progress of the operation, 
was eliminated, and a more rapid operation performed, as time was an im- 
portant element. The writer b an ardent advocate of the dectrosurgical 
knife. 

Neoplasms of Face, Nose, Eyelids, Ears, and Cutaneous 
Surfaces Generally 

Neoplasms of the face, nose, eyelids, ears, etc., whether benign or 
malignant, require a method which wfli insure a good cosmetic result, 
without sacrificing thoroughness of removal. Unless the lesion is very 



F*o. 61. — Melanotic aarcoma inTolring the orbit, ethmoidal and frontal tfmnei. 
Fro, 61. — Remit of ooe electrocoagulation operation. 

Fro. 6v — Showing artificial eye end brow by the Kulptnre method. 



— ft 0, ^4 Mixed -ctH aarcoma originating in the ethmoid rinta, filling the orbit, end 
treat bulging of the eyehaD. 

,,, ^ CL . 6 S-— Remit of a radical coagulation operatioo and radkrtn treatment. Pbotocnnh 
U ^ n f «r yean after the operation. ^ ^ 
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Electrosurglcal Methods 


The advantages In the use of such an riectrtmirglcal knife are readily 
comprehended as when employed In the removal of the gallbladder, and 
likewise In pelvic surgery, where the structures to be removed are so deeply 
situated, and, at times, so difficult to manipulate. 

3. The bealfng of the tissues. 

Primary' healing fa Invariably obtained, and the Ideal Hoe of union fa the 
pleasing result. This result, however, may not be achieved If the tissues be 
subjected to a too extensive dehydration of the art surfaces, and a slight or 
somewhat enlarged slough be caused, and healing be thus retarded. Such 
a condition did occur In the experience of the writer In doing a evstotemy 
for the removal of two large calculi on a person with thick abdominal will 
This case was among those first operated upon with the use of the knife, 
but do such experience has occurred since that time. 



Fax 57. — Sbcnrtng a recurrence a/ter wrjtfcal addon of a small round -cell orc«»a 
of the lower rydtd. 

Fax 6a — Ajrain Dloilraila* the re«lt of one elect rodralecit km operation wWk*** 
drat rid* l cuolncttrre, and reyroe ration of n orma l ti»uc. Patient can cloac ejtflo*, a® 3 
vbkw b not Unpaired. Thb awe wat fotkrwrd for eight yean sad ao rrcnrmxc »u 
otaerred. 


4. After-results. Very little or no opiate at all Is required post operatively* 
Drainage In leas amount — drainage tube removed within shorter Interval 
(two to four days). 

Case of complete hysterectomy on January a, 193s, age 70, operation 
refused for over two years; relief demanded by patient. The electrosurglcal 
knife used In opening the abdomen and In severing the broad and round 
ligaments and in severing the cervix from the vaginal Junction: a boggy 
uterus, lire of grapefruit expoaed with two fibroids slxe of English walnut 
on either side of uterus Just above cervix. The uterus was so rotten at 
the cervical Junction that the tissues were easily tom when traction was 
made, and hence the necessity of removing the uterus as In supravaginal 
technic and then the cervix subsequently. 

In all this procedure the minimum amount of blood was lost; such * 
favorable rtsnl however, could not have been possible had the ordinary 
scalpel been used. Then, too, the necessity of using several hemoa title for- 
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ceps, which would obsqure the field and retard the progress of the operation, 
nu eliminated, and a more rapid operation performed, as time was an Im- 
portant dementi The writer is an ardent advocate of the eiectrosurgkal 
knife. 

Neoplasms of Face, Nose, Eyelids, Ears, and Cutaneous 
Surfaces Generally 

Neoplasms of the face, nose, eyelids, ears, etc., whether benign or 
malignant, require a method which will insure a good cosmetic result, 
without sacrificing thoroughness of removal. Unless the lesion is very 



Fu. 61 — Melanotic kicotm tnvolrln^ the orbit, ethmoidal end frontal aimnea. 
Fm. 61. — Reault of one electrocoagulation operation. 

Fb. 6\. — Showing arttfidai rjr and brow by the icnlpture method- 
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extensive, the clectrodeslccation method admirably fulfils these re- 
quirements. Given a case of epithelioma of moderate bLic on the face 
or other locations mentioned, requiring complete removal, the technic 
of an electrodesiccation operation Is briefly described as follows: 

Technic. — The patient should He in a convenient position on an 
operating table. Preliminary cleansing and sterilization of the operative 
field la first practiced ns in any surgical operation. Novocaine (r per 
cent) anesthesia by infiltration well beyond the lesion has been found 



Fm. 66. — ConpenlUl caveroow ancJona of the orbit- 

Fmj. 67, — Showin* complete exratentkm of tbe orbit by cwgohllon. EytBd w*» 
divided and dtortted tack to u not to be Injured by the enrrat. 
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to be quite satisfactory. After the current Is regulated to the proper 
intensity as hitherto described, It is passed through a sharp sewing 
needle, held in a suitable handle, of which there are several types 
avail able for the purpose on the market. Owing to the relatively 
high voltage of the current producing the electrodesiccation, it is not 
necessary to employ an indifferent electrode anywhere on the patient’s 
body to complete the circuit The current is carried to the ground, thus 
sufficiently completing the circuit through the patient’s body. 

The growth Is then electrodesiccated through its area and depth 
(according to the general technic described under the heading 



7 a — GBomi of the retina. Recurrence alter regular ujrpkal removiL In fire 
***** It had recurred and prog rund to rapidly that the growth meajured 15 tocbea in 
axtaBlertnca. 

, P * 0 - Tl - — The outride leaion 11 well aa the diseaae In the orbit ru removed by the 
Otctroe oagnlatioo method. No recurrence in 9 moo tin, a ben the child died of another 
“***> the character 0/ a filch was not determined. 


Eeectoodesiccation), after first systematically cutting off the blood 
!w *"ith the current in the normal tissues well beyond the disease, 
“J* b® malignant. This preliminary practice is designated by Kelly as 
a rcuin variation.” After the lesion has been thoroughly devitalized, it 
curetted away if soft and friable, or excised by scissors, cold 
*®**P®1 or the high-frequency' knife if dense and firm. The cutting, 
*?* evei ’» should be done through the electrodesiccated tissue if pos- 
and not beyond it into the healthy tissue. There should be no 
hemorrhage, and indeed, no secondary hemorrhage, unless 
, ij vessel has been electrodesiccated through. Precautions 

be observed to obviate this possibility as hitherto described. 

Woun d is dressed according to classical surgical rules, the remain- 
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ing slough Is removed -when separation takes place, and healing may 
be expected to progress rapidly. The curative and cosmetic results in 
a great variety of neoplastic lesions on the face and adjacent parts 
are superior to other methods designed for the purpose. 


Neoplasms of Lips, Oral Cavity, Jaws, Ordit, and Sinuses 

Electrodesiccation and electrocoagulation arc adapted for minor 
operations and also for the radical removal of benign and malignant 
growths In these locations. The advantages of these methods, accord* 


Fio. 71. — Sbom-tnx ■ cmc of *qttamou*-cril eardnotn* of ifae root co £*« tffit cd b y 
ctectnxioicatlan by direct vbion throapb a hryofotoeny opeola*. Radlcm tmroem 
wai a bo jfvm from the cnitUde. No recurrence fa io year*. A dmfhr rere* wai owameu 
fa two other loch cues. 


Ing to my experience, are the comparative freedom from hemorrhage 
In otherwise sanguinary operations, the conservation of the maximum 
amount of tissue, the ease of devitalization and removal of booe even 
when the Involvement Is extensive, the Immediate relief from pam 
(which In these cases is often excessive), the absence of contracted 
scars, and the conservation of vitality in adjacent normal tissues. 
In case of recurrence another operation can be performed with ns 
good a chance of success as before the first operation. This is not 
true of radium or x-ray treatment, for once treatment to saturation 
is accomplished, nothing more ran be expected from their use at any 
future time. Even after radium or x-rays have been employed to the 
limit without success, or after recurrence following their use, electro- 
desiccation or electrocoagulation may still be used with a fair chance 
of success. With Increased personal experience with all surgical and 
irradiation methods I am impressed with the inferiority of the older 
surgical method* for the removal of neoplasms in the locations under 
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d Liais'd on, and tie superiority of tie electrosurgical methods in these 
locations. I am also led to tie firm conclusion that radium should not 
be employed in intensive dosea near bone, since radium necrosis of 
the bone is almost certain to occur sooner or later, and that condition 
is almost as serious to the patient as the malignant lesion for which 
it was employed. For example, in the fight of present knowledge ft is a 
most reprehensible practice to apply radium in the maxillary sinuses. 
It may be employed from the outside, however, with comparative 



Fd. n . — Mired -cell MJrom* of bulbar awjnndlv* *nd coraau 
Fn. 74 — Ronlt of one electrodericatfon treatment, with no perceptible Kir tod do 
“Of*trment of virion. Thf» n*- flhatrmta tbe pmrtfctbffity of treating grcrwtii near tire 
coda. Many tods krions have been wctmfuDy treatrd. 


ssfety, since the advantage of distance is obtained, and filtration of 
softer destructive rays fs then possible. Radium or x-ray treatment 
to the lymphatic drainage areas is a different matter, and the use of 
one or the other should be the routine practice. I am strong in the 
belief that all primary lesions in the locations mentioned should be 
rfTnovf d by one or the other of the electrosurgical methods, for 
reasons that are so valid that possible arguments against such practice 
caJ ?earily be answered. 

When it is considered that the mandible (from the median line to, 
including, the maxillary mandibular joint) can be resected, half 
upper jaw removed, the tissues In the maxillary sinus and the 
wny structures enclosing It ablated, the orbit exenterated, and the 
uud ethmoid sinus cleared of disease without serious hemor- 
rhage or great surgical shock, by a single electrocoagulation operation, 
rhea an idea is given of its potency and range. 
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If enthusiasm there be, it Is pardonable upon the basis of facts and 
‘matured appraisement One who has seen the curative and cosmetic 
effects of on electrodeskcntfen operation upon epithelioma of the lower 
lip, for example, would not again seriously consider excising It by the 
older surgical method. 



Fro. 75-— B*MU*n epithelioma InroUinr the car, parotid gland, wrronixHn* tl»*\ 
the mastoid bone, and the Mr canal, extending almoat down to tbe tympanum. 

Fro. 7 6. — T>euHTOt rating the fine control by the riectTwWccatkm method. Or* 
operation wai performed tinder rtbef anextbeaia. Both facial nerve and beaim* wot 
ewawred. Note cotton in ear canal (or ckanlnea* and protection. 




Fm. 77.— Sqa 'uooKtfl caxctccm*, grade 3, of ear and mastoid region, hjchaltet 
farolvrtnem of I ■«. 

Fro. 7B. — B' uJt of combined elect nxnajralatloc and radium treatment. No rttnnence 
In 14 yean; r client *tlll 
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Technic, — As another example of technic, a description of amputa- 
tion of the tongue for advanced cancer by the electrocoagulation 
method has been selected, and it Is ns follows: 

If the cose is far advanced vrith considerable emaciation, It Is 
proper to do a preliminary gastrostomy. This has several advan- 
tages, namely, It permits of the building up of the patient's strength, 



Fm. 8 j. — S howing typical x-ray lolon on hand of pioneer worker, 
b tquarooua-ccH cpilhrlloma. The eiectrodalccatloo method haa proved *atfa£«noty 
treatment of many rimflir IwLim 


relieves the pain incident to swallowing, and frequently results In a 
considerable reduction of the swelling and induration in the tongue and 
pharynx, following the rest given to those parts. The tongue can men 
be readily dectrocoagulated through Its base and excised. Primary 
and secondary hemorrhages are unusual. To diminish even the smaU 
risk, it is wise to do a preliminary ligation of both external enrotid 
arteries. Ether anesthesia is employed; the ether should be removed 
from the room and the fumes fanned away when the patient Is nuly 
anesthetized ej*d before applying the current, else the vapor migh 
ignite. Should >1 e operation be unusually prolonged, and should the 
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patient show signs of regaining consciousness, It may be temporarily 
discontinued as often as required while ether is again administered. 
Frequently the operation is of such short duration that the use of ether 
a second time is not necessary. Scopolamine, i/ioo grain, and mor- 
phine, J /i grain, may, in some instances, be used hypodermically one 
hour before the administration of ether. Less ether will then be neces- 
sary, and the immediate postoperative discomfort will thus be mini- 
mized. 

Since electrocoagulation is produced by a current of relatively high 
amperage and low voltage, an indifferent electrode placed on some 
part of the patient’s body is necessary to complete the circuit. This 



^ may be made of block tin or some other flexible metal, or 
^“okfened electrode, made, for example, of asbestos or heavy towels, 
is in turn covered with some metal. These electrodes should 
rT ^ ca f urc about 8 x io Inches, more or less, depending upon the size 
patient. The indifferent electrode selected should be placed low 
down on the back of the patient, the weight of the body holding It in 
and insuring a good contact. A good contact at all point* is 
7 n P° rtan t, rise sparking to the body might cause a localized hlgh- 
“equeiKy bum. 

After separating the jaws with a mouth gag, a heavy sflk suture 
of t k rou 8* 1 the tip of the tongue from ride to side, by means 
the organ is drawn well forward. The coagulation needle Is 
£*n brought in contact with the dorsal surface of the tongue as far 
45 i* necessary, and the current turned on either by the operator 
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by means of a foot control, or by an assistant on signal. The needle is 
slowly moved across the tongue, and after the surface Is coagulated, 
the needle Is carefully Inserted Into the tongue to the proper depth 
at different points, allowing electrocoagulation to tube place as the 
needle penetrates. This having been thoroughly accomplished, the tip 
of the tongue Is elevated by means of the attached suture, and a 
straight sharp sewing needle of proper length is substituted for the 
curved needle previously used. The frenum is then coagulated, and the 
electrified needle is inserted between the tongue and the floor of the 



Fkl * 4- — Saw]) ro«md-CTtl urtoma Ujrolvinc (Woe of (be fort brad and fronul bone, 
and extending ihroojb Into the frontal alma and upper and Jo»er cyrlld* ol beta na 
VWoes kxtf (trough loecbaxdcaf cloture of fld*. 

■ , Fro. Sj. — Elect rocoaruhtloo not Indicated oain* (o Involvement of aodi 5* 

wick] rewitt in kw of vialoo. Kadlom needle treatment employed «Uh excellent rewo- 
Stavjn* appearance three week* after treatment. 

Fkjl, Sd, — Stowing final mult. Patient thvd three and ooe-half yean after treatment, 
and finally died from exteakm of <fiaeaae to the brain. 

mouth. When electrocoagulation Is again completed, cun^dsciasors 
•may be used to cut through the electrocoagulated area on both sur- 
faces, -and the tongue is then separated from Its attachments and 
removed. 

After-Treatment. — The after-treatment consists of simple 
septic mouth washes, and the application two or three times 
a weak solution of hyposulphite of sodium, which sterfllres, u*** 3 *?' 
lies, and tends to keep the slough free from maceration. Care *boum 
be taken not to remove the slough prematurely, else secondary 
rhage might occur. Such a major electrosurgfcal operation should De 
performed in a well-appointed operating room, using the same prepara- 
tory technic as In any surgi cal operation, though the necessity or 
■terflixation is not as great when the electrosurgical methods are 
employed as when the cold scalpel Is used. 





F®. ijj — Hired -cell tartoma of the aboclder. Recurrence after two aniflca] arialoea. 
Fta M — Rcwdt of combined elect rotWkcatioo and radium treatment. Patient lived 
S yean without recurrence. 



rec u r r ence of melanotic sarcoma after aarxkal ercUon. 
•nethccl r ** c m ControDed by empkxjmmit of the elect nxirtktation 

arw f°d appeared. Tbe patient Bred for 5K yean, and CnaUr *oc- 
to metaatjuii to tbe hmj^ 
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Hemorrhoids and Other Rectal Lesions 

The elcctrodesiccatioo method has proved most satisfactory for the 
removal of internal hemorrhoids, fissures, fistulas, papillomas, ulcers, 
and local lied malignant lesions of the rectum. The following technic 
for hemorrhoidectomy is almost identical with that of the clamp and 
cautery operation, except that electrodesiccation is used as the active 
agent Instead of the cautery. 

Technic. — The usual preparation of the patient is carried out. Local 
infiltration anrsthetiration by classical technic may be employed, 



Fra. <Jo. — Showing a cue of edcUdoUc orcoma fa which a radical cumulation ***** 
tion wa* performed. While not toccmfol fa abaoJutely coctrollfa* tba JU^aic, la* opet» 
tlon delayed ft* peocraa, prolonged the life of the patient, and deaeaaed tbe pain. 

although In some snpersensltive individuals a general anesthetic, pref- 
erably ether, is used. Caudal anesthesia is preferred by some opera- 
tors. After stretching the sphincter muscle sufficiently, each hemor- 
rhoid is pulled down In turn by means of suitable tenacula, and the 
pile is clamped at its base in tbe direction of tbe muscle fibers, which 
are at right angles with the anus. The pile Is then electrodes! crated 
(by the technic described for other lesions) down to the clamp. The 
clamp is then removed and tbe hemorrhoid Is permitted to riougn 
away, or It may be excised at once not quite down to the clamp. The 
latter method is preferred. Postoperative hemorrhage Is not greatly 
to be feared, there Is no resulting dcatridal contraction, *nd 13 * 
rule postoperative discomfort is not great In some cases, however, 
it Is greater than In others. Patients should be hospitalised and remain 
in bed for a few days as a safe precautionary measure. Tbe electro- 
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desiccation method for removing hemorrhoids is an advance over the 
Whitehead, ligature, clamp, and cautery operations and the injection 
methods, for the radical cure of hemorrhoids. 

The electrodesiccation technic described has been found to be more 
satisfactory for hemorrhoidectomy than the more Intense electrocoagu- 
lation method. The practice of passing the bipolar, high amperage 
current (diathermy) through a metal clamp, after the hemorrhoid is 
engaged in the clamp, is not as satisfactory as the method described, 
owing to the possibility of unnecessarily electrocoagulating tissues 
adjacent to the hemorrhoids, the greater inflammatory reaction, and 
possibility of subsequent contracture of the lumen of the rectum. 


Breast Amputation by Electrosurcery 

In some cases of ulcerated cancer of the breast, when there is not 
sufficient healthy skin to permit approximation by suturing, the elec- 
trocoagulation method may be used. This has the disadvantage of 
leaving an open wound, which must necessarily heal by granulation. 
It has the advantage, however, of immediately ridding the patient of 
a discharging, malodorous, ulcerating growth, with almost Immediate 
relief from pain. It is astonishing how a large healthy ulcer in the 
mammary gland and other locations, thus produced by electrocoagu- 
lation, will heal by granulations without the necessity of skin grafting 
after removal of the disease down to a healthy base. A note of warning 
is sounded to use care that the electrocoagulation Is not extended 
trough the tissue in the intercostal spaces, lest there be a^ilough 
through into the pleura or pericardium. 

I am indebted to Dr. Harry E. Mock, of Chicago, 111., for the fol- 
lowing data upon breast amputation by the high-frequency knife, 
w hich has a wider field of usefulness in breast work than has electro- 
coagulation. 

Technic. — In breast amputations the skin fndsloa I. [Dr. Mock] use is 
*™ilar to that described many yean ago by Halstead. At first I made this 
^kcfalon with the high-frequency knife, but in my experience the healing 

the skin margins is somewhat slower than when It Is made by cold scalpel. 
■*j^ref orc > in more recent years the Incision Is outlined by the scalpel and 
^ n u* 00 trough the skin. The few bleeders encountered are grasped by 
“^jlbttnosUUs, and are later sealed by barely touching the hemostat with 
tne point of the electrode needle with the current changed to a partly electro- 
coagulating current. The Incision is ncrw carried through the alveolar tissue, 
.**?** muscles, down to the ribs, and a dean dissection of the breast, 
~°tKhng the pectoral Is major and the pectoral is minor musdes, fa made 
■P**™ to the axilla. The smaller vessels are usually eleetrocoagulated during 
cutting procedure, but the larger vends are grasped by bemostats before 
titm^T 1 ” *** Mn ’ CTC ^ w * t h the cutting c u rrent. The cutting current fa then 
electrocoagulating current, and the hemostats are touched 
r dectrode until the vessels are thoroughly dcctrocoagulated. Seldom 
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are more than two or three ligatures used throughout the entire operath® 
of breast amputation and removal of glands In the axilla. The breast 
and pectondb muscles are mm turned downward toward the posterior axfl- 
lary line, liter the muscles are severed near their Insertion to the humerus; 
thb completely exposes the axilla. A careful blunt dissect km of the axillary 
glands, mt, and connective tissue surrounding the axillary artery and vein, 
and the lower branches of the brachial plexus, b now carried out In the 
usual way with the K ocher dissector and tissue forceps. Just as loon u this 
dissection is suf&dently removed from the axillary artery and vein, the 
high-frequency electrode Is used In carrying out the further dissection of the 
axilla. Every gland and every bit of fat are removed from above and behind 
and internally and externally to the vessels, and from behind the margin 
of the latbslrma dors! and downward to the most dependent angle of the 
axfibt. The breast, the muscles, the glands, and the fatty tissue from the 
nxfUa are now completely removed and sent to the laboratory. 

A soft rubber drain b Inserted through the skin flap into the axilla, 
Its exit being at the moat dependent portion of the fatter. The akfa fa- 
dsion is then dosed with sflkworm-gut and silk, after making sore that 
hemostasia fa complete. 

Ad vantages.— The above operation can be completed by me fa approxi- 
mately two-thirds of the time consumed In the breast amputation with the 
scalpel and the JIgntlon of all bleeders. 

The majority of these patients have practically no complaint of pain 
following the operation by this method. Practically every observer has 
remarked upon the decreased pain when electrosurgesy is used. 

Histologic studies of the blood vessel* and lymphatics show definitely 
that these are sealed by the cutting current The fear, therefore, of dis- 
seminating cancer cefla during the operative procedure a practically elimi- 
nated. 

Disadvantage*.— Hemorrhage following breast amputation has not oc- 
curred In any of my cases. However, fa one case of removal of a benign 
tumor from the breast by electrosurgery, a hemorrhage did develop. 

In about 50 per cent of the cases, especially If they are fatty subject*, I 
must admit that there fa a great deal more collection of serum In tbe wound 
following thfa method. Great care must be exercised when one passes an 
elect rocoagufa ting current through a beroostat for the purpose of hemosUsis- 
If the bexnostat touches the akin, the latter will be dectrocoagufated or 
burned and will cause considerable delay In the healing of the Incision at 
this point. 

In all my breast amputations, whether by the cold scalpel or the hfeb- 
frequency knife, I have had only oot surgical death, that fa, death following 
and. traceable to the operation. This case developed a complete pneumo- 
thorax followed by a streptococcus Jnfectloo, with death at the end of 
week following the operation. At autopsy there was revealed a email epenfaf? 
fa the anterior portion of the axilla between the third and fourth ribs, and 
extending completely into the pleura. There are two possibilities foe this 
small ulcerated opening: First, it could have been caused by pressure from 
the end of the drainage tube, as the tube lay exactly in this position; aeconfa 
it could e been caused by a slough developing at the point of co&galaticc 
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of a bleeding vessel. Since this catastrophe, I have guarded against, and have 
warned others against, the use of too strong an eiectrocoagulating current 
over the Intercostal spaces. 

Result*. — I have used electrosurgery in breast amputations for a period 
of five years. I am positive that more patients are remaining free from 
metastasis daring this five-year period than during any other five-year 
period of my experience. However, the time is too abort to give any 
statistics or arguments which would be of value in the ultimate end-results. 
Even If the percentage of recurrences or metastases proves to be equal to 
the series of cases In which the cold scalpel was used, yet the increased 
rapidity and ease of this operation by means of eiectrosurgery, and the 
redaction in pain and shock by this method definitely warrant Its use. 



. f 10 - 9I-— Ctoo of two dmllar curt of anthrax infection treated the Nine dir by tb* 
“J^rodedccatlon method. These aura acre referred from a badrrioloak: Laboratory, 
J™”* the patient* were accidentally infected. Tern petal ore at the time wma iom* F. 
w- Serum waa employed to combat poatfble blood infection. 

— Rapid re c o r ny In both fate* after one ekctrodeaicnatkm operation. Note 
n»d cosmetic rewitt. Photograph talon on* year after treatment. 


THYROlDECTOirV WITH ElECTEOSURGEEY 

Evidence la accumulating that eiectrosurgery is a valuable adjuvant 
r 1 thyroidectomy. Its use in this condition was first described by 
Mock, of Chicago, who gives the following description of this op- 
eration. [/. a. M. A., 94: 1365-1368 (May) 1930.] 

jT^hnlc. — The usual skin incision fa made In the neck either with * 
the numerous small vessels, which are always cut, being grasped 
hemostata, or with a purely cutting current, the bleeders like- 
grasped with hem os tats. When the Incision fa made with the active 
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or cutting electrode, It must be done aulddy and accurately In order to 
obtain n dean-cut Incision through the juJp. 

The nest step is to seal the numerous small bleeders exposed by the skin 
indsion. The assistant In charge of the generating machine changes the 
switch from a cutting to a searing current* and the operator then touches 
each bemostat in tum with the point of the active electrode (held in the 
pistol grin). The current passes down the bemostat and seals the end of 
the vosd, thus eliminating the use of a ligature. Throughout the entire 
operation practically all vessels are sealed In this manner instead of being 
ligated. Toe usual exception is the superior thyroid arteries, which as a 
further precaution may be both ligated and sealed. 



Fro. 93.— rtcYUj ptgmentocn occnrrfog on the abdomen of • fovng woman. Ridlinn 
treatment in other handi ww unauccmrfol, rervinf only to cotupfiate the cue. 

Flo. — Reault obtained by ek etr o detkcaUon after radium failed. 


The assistant next turns the switch back to the cutting current, and 
the iterator proceeds to expose the thyroid gland. The Indsion fa now con- 
tinued with the cutting electrode down through the platysma mosde, and 
the skin and the platyima flaps are dissected upward and downward tbe 
usual distance. These skin flaps are retracted by small nonconducting 
retractor* made of a hard fiber. The cervical fascia fa now opened and » 
incised down tbe middle. It Is then freed from the capsule of the gland 
by blunt finger dissection or by a K ocher dissector and fa retracted laterally 
along with the itemohyoid muscles by nonconducting retractors. When in 
the case of a very large goiter It fa necessary to indie this muscle 00 one 
or both sides, this indsion is likewise done with the cutting current, in 
many cases in which tbe mosdea have not been overdfatended by a 
goiter, thus enhancing tbe ease of thdr retraction, it is neceasary to make a 
transverse imbion as well as the vertical one, and to turn back the four 
crasCTjlar flaps in order to expose the goiter. 
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The goiter fa now mobDlxed by gently passing tbe finger around Its 
borders, but no undue traction is used to deliver It Into tbe wound where 
It an be attached more readily. Clamps are placed on tbe superior and 
Inferior thyroid arteries, first on tbe right lobe and later on the left. Tbe 
gland fa now attacked in Its superior-lateral aspect, the combined cutting- 
cooking current being used for dissection instead of the sharp scalpel and 
hemcatats. Occasionally a vessel wOl bleed and it fa necessary to grasp It 
with a hemoetat, but as a rule not more than four or five hemostats are 
employed on each lobe, and these, with tbe exception of the superior thyroid 
arteries, are sealed by pawing a cooking current down tbe hemostaL Such 
a small amount of this current fa necessary, but these vessels are sealed, 
not dectrocnagulatetL and there fa no area left behind to slougb, as fa tbe 
case when tissue fa thoroughly electrocongulateri. 

Both tbe procedure advocated so strongly by Crfle, of leaving a small 
layer of gland behind along tbe lateral margins and a small film of gland 
thece across the trachea, and the method advocated by Relnhoff and others, 
of opening the Internal capsule of the gland and dissecting this off the 
anterior surface of the goiter and then removing the latter by an Intra- 
capoular dissection, have been used. When the latter method Is employed, 
an effort fa made to dissect the capsule avray from the gland, retracting It 
laterally, but performing this dissection by means of the electric current 
rather than by a blunt incision. 

The chief purpose of this entire method of attack fa to seal not only the 
Wood vessels, but the lymphatics Just ahead of the incision, thus preventing 
the escape of the thyroid toxins into the circulatory (blood and lymphatic) 
iptera, with the subsequent severe reactions not Infrequently seen following 
these iterations. Therefore, when the goiter proper is reached, every effort 
fa made to avoid the use of scalpel, scissors, or blunt dissector. . . . These 
are replaced by the cutting-sealing electric current, exactly as Is done In 
the case of a malignant growth in which the desire to seal the blood and 
lymph channels is even more important. 

The bed from which the goiter is removed fa now carefully inspected, 
any bleeding points that appear are sealed with the current, and the re- 
maining edges of the capsule are approximated with plain catgut. A drain 
of soft snail rubber tubing fa Inserted as a routine. In three cases closure 
has been effected without drainage, but in one of these there was a con- 
siderable collection of serum. In one case a snail hemorrhage developed, 
was readily controlled by pressure dressing. Tbe skin fa dosed by 
hoe aUk natures, and the drain fa removed In from 24 to 48 hours. 

Antithetic. — The anesthetic of choice in these cases of goiter Is 0.5 per 
c^nt procaine hydrochloride, used locally. One hour preceding the operation 
the patient fa given morphine sulphate, grain (16 mg.), and scopolamine, 
I / I 5 ° grain (0.4 mg.). With thfa anesthetic no precautions need be taken 
°o account of the electrical current. 

hTitroua oxide gas may be used without undue fear of an explosion, 
et her can be used. In the latter two cases a wet flannel roll fa placed just 
the lower edge of the maik, and further protection against the fumes 
0 ri* riber reaching the electric spark fa provided by a rubber apron placed 
°^the anesthetic frame and held tightly by dips against the skin of the 
*nd chin. In all but one of the cases In this series, local anesthesia 
used. 
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or cutting d tetrode, It must be done aukkly and accurately In order to 
obtain a dean-cut Incision through the ikJn. 

The next step U to seal the numerous small bleeder* exposed by the *kin 
incision. The assistant In charge of the generating machine changes the 
switch from a cutting to a searing current, and the operator then touches 
each hem 03 tat In turn with the point of the active electrode (hdd in the 
pistol grip). The current passes down the bemostat and seals the end of 
the vessel, thus eliminating the use of a ligature. Throughout the entire 
operation practically all vessels are sealed in this manner instead of being 
ligated. The usual exception is the superior thyroid arteries, which as a 
further precaution may be both ligated and idled. 



Fro. oj. — N evus ptgraeolcNQS occurring on tbe abdomen of a youn* woman. Kadtan 
trea t ment bi other handi wn tmjuccetjful, serving only to compBcat* the caw. 

Fro. p4- — Reach obtaiped by riectroderiaatioa after radium faffed. 


The assistant next toms the awitch back to the cutting current, and 
the operator proceed* to expose the thyroid gland. The Incision is now con- 
tinued with the cutting electrode down through the platyima miacie, and 
the skin and the pUtysma flaps are dfasected upward and downward th e 
usual distance. These tkin flaps are retracted by small nonconducting 
retractors made of a hard fiber. The cervical fascia fa now exposed *rrd fa 
indjed down the middle. It fa then freed from the capsule of the gland 
by blunt finger dissection or by a Kocfaer dissector and fa retracted laterally 
along with the sternohyoid muscle* by nonconducting retractor*. When In 
the case of a very Urge goiter it fa necessary to Indse this musde on cne 
or both tides, this Incision fa likewise done with the cutting current in 
many cases In which the muscles bare not been ovrrdfatended by a Urge 
goiter, thus enhancing the ease of tbdr retraction, ft U necessary to make a 
transverse Indslon as well as the vertical one, and to turn back the four 
muscular flap* In order to expose the goiter. 
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jeries that has shown the least evidence of a postoperative thyroid toxicosis. 
It would seem logical to ascribe this to the same sealing of the blood and 
lymphatic channels, thus preventing the escape of toxic substances from 
the cut thyroid gland. 

I am not yet ready to say that this will be my method of choice In 
every case of thyroidectomy. I am, however, convinced that It is by far the 
roost rational procedure in all cases of malignant growths susceptible to 
being attacked by electrosurgery. For the same reason it would seem an 
equally rational procedure In malignant conditions of the thyroid, or in 
severe cases of toxic or exophthalmic goiter. 

Disadvantage!. — I. The machine for the generating of this electrical 
surgical current fa large and cumbersome, and fa transported from one 

hospital to another with great inconvenience. It fa an expensive apparatus, 

and therefore will usually be purchased only by surgeons or hospitals 
interested especially in malignant conditions, or by those who may come 
to recognlxe its value In thyroidectomy. Its general usefulness fa therefore 
greatly limited. 

2 . The surgeon most have at hand a carefully trained assistant who 
understands the mechanism and who can manipulate the various switches 
that modulate the current from the light cutting stage, through intervening 
*fages, to a heavy dectrocoagulating current Unfortunately, there are 
only a few persons trained to operate this particular machine. 

3- It requires considerable experience to use Just sufficient current to 

rosie a dean-cot incision In the skin, that will heal as readily and with 

13 little remaining scar as follows a properly executed scalpel incision. 
Huh practice, however, this can be accomplished. If too strong an electro- 
coagulating an r e n t is used in sealing the blood vessels, one may haw a 
greater amount of serum drainage than fa the rule when bemastats and 
ligatures are used. Here, again, experience with the current fa necessary 
to overcome this difficulty. 

4- Care must be used not to allow the current to come In contact 
with a bemoatat lying across the skin, or a metal retractor; otherwise, 
footing of the skin, or of the tissue under the retractor, will follow, to a 
degree depending upon the strength of the current. This, of course, can 
be easily avoided. 

Concluaiona. — i. The value of dectrosurgery In the removal of malig- 
nant growths of the breasts and other locations where it fa possible to 
^fack them by this method has been enthusiastically endorsed by all 
tur 8 eon s familiar with Its use. There fa no question that this method 
P revt nts the escape of carcinomatous cells into the blood and lymphatic 
ttream*. it reduces the amount of shock and gives better hemostasis. 

a - In thyroidectomies this method prevents the escape of toxic material 
into the general circulation during the iteration, resulting therefore in a 
^* n ’descence devoid of the severe reaction often seen in these cases. It 
wortens the operative period by eliminating the ligation of a large number 
ol vault. It gives a convalescence almost completdy free from pain. 

3- It has the disadvantage of a cumbersome machine, the need of a 
assistant to manipulate the machine, and the added expense of 
two Items. But, in spite of these disadvantages, this method should 
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Number of Cues and Postoperative Course. — Only 15 thyroid- 
ectomies have been performed by means of the dectrosurgkal current. The 
method Is still being studied and compared with the Immediate and late 
results In patients operated on by means of the scalpel with the usual technic. 
AU but 3 of these 1 5 cases were extremely severe types of hyperthyroidism, 
with marked loss of weight, rapid irregular pulse rate, and, in foor of the 
cases, marked involvement of the heart. The basal metabolism rates varied 
from 35 to S9. 

During the Immediate postoperative convalescence, I have marveled at 
the almost complete absence of pain In every case; at least 10 of the 
patients have been completely free from postoperative complaints. In no 
case has the temperature been elevated above 101.4 0 F. (38.5° C), thb rise 
occurring in two cases on the second postoperative day. Six of the other cases 
showed an elevation in temperature to ioo° F. (37. 7 0 C.) on the seccod 
and third days, with normal temperature during the remainder of the con- 
valescent period. Five patients showed normal temperature throughout the 
postoperative period of convalescence. 

The basal metabolism rate in all but three of these cases receded to below 
10 + by the end of three weeks. Only one patient showed a high rate 
four months after the operation. He bad a preoperative rate of 59 +, and 
four months later the rate was 35 +, although from a clinical standpoint 
he could be classed as having recovered. One patient In the series had a 
rate below — 10, namely, — 

Advantage*. — Although this Is too small a series of cases to justify 
positive conditions, a few definite advantages are apparent: 

1. The time of the operation la definitely shortened by this method 
through the sealing of the bleeding vessels rather than the use of the 
time-consuming method of applying ligatures. 

a. In every case, even m the most serious with marked caroacln- 
volvement, there has been a complete absence of postoperative shock- 
One patient was In such an extreme condition that the family physician 
called at the hospital just before the operation and begged both the 
patient and his wife to forego the operation, stating that he would sorely 
die If submitted to thb ordeal; yet the patient made an absolutely normal 
recovery free from all shock and pain. 

3. A convalescence so free from postoperative pain that even the P*tient 
remarks about the complete lack of Buffering fa almost the universal nile. 
Thb result occurring In a group of patients who are usually emotional, given 
to complaints, and often tng sympathy, b especially noteworthy. 

4. When one has used the electrosurgical method m the removal of a 
large number of malignant growths In breasts, tongues. Ups, *od parotto 
glands, one becomes deeply Impr e ss ed with the bloodless fidd, the ab senc e 01 
postoperative shock, and the freedom from postoperative pain. The greatest 
Impression, however, and the greatest sense of security lie In the sealing ol 
blood and lymph channels simultaneously with the incision in and around 
the malignant growth. The old fear of opening up channel* for the escape 
of carcinomatous cells to some other parts of the body Is at once eliminated 
to a great extent. 

The same principle hold* true In the removal of a very toxic goiter by 
the elect naurginl method. There has been no case thus far In thb small 
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adds a complication to an already highly complicated procedure. Yet, in 
making a review of the early histories for purposes of this present com- 
munication, I find it expressly stated over and over again that the par- 
tial Ur procedure In question, though an extremely prolonged and arduous 
performance, was one which, without the electrosurgfcal adjunct, would 
have been impossible to carry through to a safe conclusion. 

During the two years Just elapsed since we hesitatingly began to employ 
the currents In craniocerebral surgery, 547 operations for tumors have 
been performed. Though for some of these operations the electrical methods 
were not essential, there were few of them, even when no tumor was found, 



* tattoo mart treated by rlrctrodol cation. The Kir noted was 
“wrto ci Laid by an attempt at ercUon. 

F*J. — The result obtained. Hectrodakaiioo haa been found aalh factory lor the 
rt^oYal of tattoo marks. 

in which they could not advantageously be employed. The c u rrents are 
useful even for such trifles as brushing the surface of the dura with the ball 
«ectrode in order to seal the torn meningeal veins, from which persistent 
oai ®S may sometimes try one's patience, or similarly for checking the 
j* I “ stent ly ooxing points on the under surface of the reflected bone before 
2* replacement, or for electrocoegulatlng some refractory vessel on the 
dural margin. To be sure, muscle implintation, bone wax, and silver 
c hP* have long been used for these several purposes, and they cannot be 
wt *% dispensed with even now, bnt cm the whole, electrical methods usually 
to accomplish the same ends more expeditiously, 
f 30 5 Tar * hare passed since Pazzi announced to the Academy 

“Medicine in Paris a method for the cure of malignancy by the action of 
2 ° ^ from the terminal of an Oudin resonator, a procedure termed “ful- 
euntion,” u Dr, Bovie mentions In his introductory note. Slowly and grad- 
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be seriously comldercd In every case of a malignant disease of the thyroid, 
and In extreme cases of toxicity with hyperthyroidism. 

Dr. Martin B. Tinker, of Ithaca, N. Y., at a recent meeting of 
the American College of Surgeons, stated that he found the high- 
frequency knife to be successful In goiter operations. He stated that 
“electros urgi cal outfits have been used by a number of outstanding 
surgeons in this country for a good many years, especia l ly In the 
management of malignancy. . . . Their advantages have become ap- 
parent to many members of the profession, and I believe that shortly 



Fro. 95- — Kem pt*mento«n treated by the deiiccatloc roetbod- 
Fro. 96. — Sbowtaf tbe good cotrod If rault oWaiued, 


an electrosurgical unit will be considered a necessary part of evtt^ 
modem operating room, especially where much goiter surgery is done. 

Elkctrosuboery in Brain Lesions 

Great advances have been made in the use of the various electro- 
surgical methods In brain surgery. The following is quoted In abstract 
form from a paper entitled “Electrosurgery as an Aid In the Removal 
of Intracranial Tumors,” by Dr. Harvey Cushing, which was pub- 
lished In Surgery , Gynecology and Obstetrics, December, 1928: 

There Is no paftmying that tbe employment of tbe Bovle Unit cra nT 
other form of > urrent generator as an aid to the removal of brain tumor* 
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t.Vfng hemostasia that have largely put a stop to operating by the clock. 
It has been equally slow to adopt tbe principles of electrosorgery, which, 
from a technical standpoint, are likely to be no leas revolutionmng. 

At a recent meeting of the American College of Surgeons, Dr. 
Ernest Sachs, of St, Louis, Mo., said that from his experience electro- 
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ually this procedure has been modified and extended, until for the treatment 
chiefly of ailaneoui lesions and of orifidal malignancy, It has gained en- 
thusiastic advocates. 

Surgery Is a conservative art. It takes to nos’d methods reluctantly as 
an old dog to new tricks. It wus slow to adopt the ligature: slow to adopt 
the principles of antisepsis; glow to adopt the fastidious technic and palrrt- 



FKJ. i oo. — Result obtained by wen-considered radium treatment, with cuefojpj*®' 
nfan of filtration snd <1o*sp- This fa tbc treatment pat excellence for LrWd. l 3 ecu y' 
MtTftcil methods should not be employed in keloid, since such treatment wlU nisi® 
Batten worse. 
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the same result is a fact that depends entirely upon tie individual's surgical 
technic. It should be emphasized agaiD, therefore, that electrosurgery cannot 
be said to hive superseded the basic principles of osteoplastic cranial 
operations and tumor removal. 

It has been our experience that one is likely to hurry the procedure* 
of dectrocoagulatlng vessels or Incising brain tissue. As has been pointed 
out, the use of a strong current to electrocoagulate a vessel may cause It to 
explode, and to defeat the object for which it is -intended. It Is certain 
that the electrodes are of no service whatever in a bloody field, which doe* 
allow one to see the bleeding or oozing point. 

It is of course understood that an electrosurgkal apparatus should not 
be used during the administration of a general anesthetic The possibility of 
an explosion is too factual to be dismissed; consequently, the operations In 
which the electrodes are used are performed under local anesthesia. The dis- 


Fm. 107. — Port-vrioe ac na . 

^Fnz ice. — lUwjlt of ultra rto let ray treatment by the comprejrfon m eth od. Thh treat - 
n>Hrt “ fo be preferred to either radium or eJertrodeakatkin In thk type of cue. 


1 geDtn ^ anesthesia, such as ether, In intracranial operations 
a well known, so that the necessity of a local anesthetic in Itself is of value. 
However, It must be realized that many individuals are not suitable patients 
or the use of local anesthesia. In such circumstances we have taken the 
of removing the ether bottle from the room, and have placed a 
hinnse! 1 ^ >rtwcei1 *** Patient's face and the operative field while the unit 

W satisfied ourselves that there are no untoward or disturbing 
complications doe to the use of this apparatus in Intracranial surgery. As a 
b vU? ^ tbe immediate postoperative convalescence In all the cases 

hacTf™ ^ k® 3 been used has been smooth and uneventful. We have never 
rhife° b* f bts group of cases because of secondary hem or - 

^tber do we believe that any greater amount of postoperative edema 
Iowl "* In conclusion, we believe that: 
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2. By means of this method brain turnon can be dealt with that have 
been inoperable heretofore, and tumors that were operable can now be 
removed with greater safety. 

3. Tbe technic of this procedure takes lime to learn, and as our ex- 
perience increase* and its possibility are realized, more and more can be 
accomplished with it in the future. [Sirrg. Gynec. Obit ^ p. 505 (Feb.) 1931.] 


Fra. 105. — Extent! vc c» vein out angioma of ebeek extending ihnoat throath Into tic 
mouth. The mijor portion of tbc laion vu cor e raj by badlby tktn, but in dented 
ttriwbeuy -colored turfice angioma may be observed In tbe photograph. 

Fm. to6 , — Stowing result of in electroanguiatloc operation ; tbe blood like wu co- 
igulited ind liter removed through tbe ertemil angioma. Note retrogrewfan to noomi 
with mull tin contra cted Kir. Four timilir operationt were maxwfnlly performed before 
racHum *u emplojed for tach cj«o, Ridlrnn b now preferred beante of lew birard. 


The following, relative to brain surgery, Is kindly contributed by 
Dr. Loyal Davis, Professor of Surgery of the Northwestern University 
Medical School: 

There can be no doubt that the use of dectrasurgery adds a complex 
piece of surgical equipment to a technic already dependent upon metfcoloai 
attention to detail for Its success. The surgeon of course doe* not have to be 
acquainted with all the lawi of electrical physka to employ such an ap- 
paratus successfully. However, a thorough acquaintance with its performance 
obtained upon experimental structures Is necessary before one should attempt 
It* use during a complicated surgical procedure. Even with such a P rc P*™‘ 
tlon, the advantages and limitations of Its use are indicated more dearly by 
practice. That some surgeons may find it of more value than other* to gain 
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tmt as greatly to be feared when the high-frequency knife is employed 
« after the cold scalpel. He further states that he has performed 
five laparotomies ior the purpose oi dividing extensive intro -abdominal 
adhesions by the electrosurgical knife, with no recurrence of the 
adhesions, as evidenced by the permanent disappearance of the char- 
acteristic discomfort caused by them. In a recent communication, 
Trowbridge stated that he had successfully performed nephrectomy 
and hysterectomy and had removed a renal calculus by means of 
the high-frequency knife. 



llt - — Cumxjtn anjctonn n>d nccrwU of booe from rrcouire radhnn tmtroest 
Wwrto then by »r>othcr phyiMxn Patient lo*t Hie from hemorrtuyt. 

F*X 113 — Ranh of ooe eiectroct>a*nktloD operatlgo. 


Electrosurgery in the Gentto-Urinary Field 

The same indications for electrosurgery exist In the genito-urinary 
m In the gynecologic field. This can be extended in the male to pros- 
tatectomy through a suprapubic opening by means of the high-fre- 
T^ency knife. Some surgeons have advocated employing a wire loop 
the knife in the use of the high-frequency cutting current for sever- 
ing and removing the median bar of the prostate by way of the ureth- 
ral route through an operating cystoscope, as an Improvement over the 
Bottlni operation. 

Excellent results have been reported by surgeons who are in a posi- 
00 to judge of the merits of electronic gecy in this field. The tuc- 
^Mml removal of papillomas from the bladder by means of the hlgh- 
|ncy current through an operating cystoscope, which was first 
^^^bed by Beers, and verified by many others, is impressive to those 
ha” u* VC sccn ^e operation performed. The treatment of such lesions 
been revolutionized by the advent of dectrosurgical methods. 
■ > T 1Ve successfully stopped hemorrhage and removed numerous papH- 
Wtnai of the bladder by the high-frequency method. The first one in 
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r. EJectrosurgery Is a distinct addition to the neurologic Burgeon’s arma- 
mentarium. It does not, however, completely supersede the well -established 
principles of osteoplastic cranial cerebral surgery. 

». At present It may be employed to Its greatest extent In the removal 
of meningiomas, in particular to the relatively Inaccessible meningiomas, 

3. The Improvement of the use of electrosurgery In the treatment of 
gliomas offers the possibility for Its greatest contribution to the surgery 
of the nervous system. . 



FlU. 109.— Estcnrirt cavcmcm tnjfocML 

Fla, no. — Shotrfait Irapromnait dtrrlnj radium treatment. 

F». in.— End-remJt of radium treatment, 1 method whkh b preferred to electro- 
wr*fc*l method* hi thb type of ewe. 

Electros uscer y in Gynecology 

Electrosurgicnl methods have a very definite value in a wide range 
of conditions of interest to the gynecologist. Among the minor lesions 
In this field which can be successfully treated by the electrodesiccation 
method are venereal warts, leukokeratoses, leukoplakia, condylomas, 
moles (simple and pigmented), chancroids, angiomas, some localiwo 
cases *f pruritus (of nerve or eczematous origin), urethral caruncle, 
urethral prolapse, erosions and infected Bartholin’s and Skene s 
glands, lupus, fissures, fistulas of vagina and rectum, polypi, p®Pjf" 
lomas of the bladder (operating through a cystoscope or a suprapubic 
opening), papillomas of the vagina, cervix, and rectum, erosions 0 
the uterine cervix, endocervidtls, hemorrhoids, epitheliomas, chancre 
(Influencing the treatment and progress of syphilis), and carcinoma 
of the cervix in combination with radium. . 

The larger growths may be treated by the more powerful coagu ■ 
tion method. The high-frequency knife has a wide field of useful 
In pelvic surgery, such as hysterectomy, through an abdominal 
cislon, and evidence Is accumulating that the future for this me i!2 . 
is promising throughout the whole range of gynecologic surgery. 1 
is also true of surgery of the upper abdomen and thorax. An In 
eating observation has been made by Trowbridge, that adhesions 
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the lesion can be removed with the same ease and simplicity as though 
It were on the skin surface. The wound will heal readily if the patient 
is normal, and some notable results have been obtained. 

I have had under my observation a case of squamous-cell carcinoma 
which was treated by this method, and the patient has been free from 
recurrence for 10 years. In extensive carcinoma of the larynx, com- 
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1916 was a bleeding papilloma almost the size of a hen’s egg. The 
patient, an aged man, lived for seven years free from recurrence. I 
have found from experience, however, that unless the lesion Is benign, 
It should be treated through a suprapubic indslon and an opening into 
the bladder. In this case other methods may be employed in conjunc- 
tion with the electrosurgicaJ method. 

Electbosurgery in Eve, Sinuses, Ear, Nose, Throat, and Larynx 

Electrodesiccation may be employed in the following eye lesions 
without causing a contracted scar: neoplasms of the eyelids, canthi, 
bulbar and palpebral conjunctiva, such as epitheliomas, sarcomas, 
warts, moles, nevi, dry granular conjunctivitis, trachoma, leukoma, 
refractory corneal ulcers, lupus, permanent removal of celia from eye- 
lids when indicated, xanthoma, chronic local infections, etc. When 
complete exenteration of the orbit and adjacent sinuses is Indicated, 
or when adjacent bony structures are Involved with disease, electro- 
coagulation, in many Instances, may be relied upon to accomplish 
superior results, provided the technic is thoroughly understood. Great 
care must, however, be taken to nvoid injury to orbital bones, else 
the dura will be exposed and meningitis will result. 

The same types of lesions noted In the preceding paragraph, oc- 
curring on or hi the ear canal, may be successfully treated by elect ro- 
deslccatJon or electrocoagulation, the choice of method depending upon 
the extent of the disease. It might be noted as a matter of interest, 
and to illustrate the delicate action of the current, that small granula- 
tions of the tympanum may be removed by dec trod esiccation without 
Injuring that delicate structure, so great is the refinement of its 
control. 

Lesions on the nose of the same type mentioned above may also be 
successfully treated by dectrosurgical methods. 

Electrodesiccation has been found useful in the removal of hyper- 
trophied turbinates, polypi, papillomas, epitheliomas, etc., of the nasal 
mucous membranes, without causing the hemorrhage incident to the 
use of the cold scalpd. 

There are numerous indications for dectrosurgery In Its different 
forms in the throat, such as tonsillectomy, removal of papillomas, 
lupus, leukoplakia, and certain malignan t lesions. The electrodesicca- 
tion method is satisfactory for the removal of accessible papillomas of 
the vocal cords. This operation ran be performed by either indirect 
or direct vision, through a laryngoscope. 

Cancer of the larynx, however, should not be treated through the 
mouth, owing to impossibility of doing complete work, and also owing 
to the hazard of injuring normal structures. It Is preferred that a 
prdfminary tracheotomy be performed, and after that a laiyngotomv, 
by a longitudinal incision. In this manner the lesion can be P rc 5 j!?/ r 
exposed uv! palpated to determine its location and character. Then 
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however, regarding the value of this method, some commending and 
others condemning it This has caused confusion in the minds of 
those who are sincerely seeking authentic information. 



F». n 5— Settle* of bx**l-crfl tjilbtBoma removed before the tppHeaticci of eVxtro- 
drticntloo, jhoirtnf: bulLy m»« of fajfittxattog band cdh. 



./”• 11 ^Section from live nw trtnth u Fhu 115, therrfa* the retail of ■dectro- 
treatment. The cellular mjia are definitely thnaltn end the mj dri con- 
Qeaicd •faceted. 
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plete laryngectomy is sometimes Indicated, and In this work the elec- 
trosurgical knlfe may be found to have a field of usefulness. 

TongihectouY nv Elects os ukc i cal Methods 

May I state at the outset, that It Is the opinion of conservative 
laryngologists that electrosurglcal methods will not entirely replace 
the operation in use for many years, owing to satisfactory results 
obtained with the latter In the average case. This Is probably true, 
but it Is also quite well known that in certain instances there Is a 
distinct contraindication to the open operation. If, therefore, electro- 
surgical methods can be used In such cases with the hazard minimized, 
then there Is a valid reaion for Including them among the methods 
to be considered by laryngologists when unusual conditions exist. 

Experience with electrosurglcal methods In tonsil work has been 
multiplying, and whfle discounting the ultra-laudatory opinions ol 
the overenthusiasts, It now appears safe to say that some electro- 
surgical methods may be relied upon as worthy substitutes for the 
open operation, In cases where there Is a distinct contraindication to 
its use, especially in the case of adults. Tills is true, provided a proper 
and standardized technic is employed. Three electrosurglcal methods 
have been advocated for tonsillectomy, namely: the high-frequency 
snare, electrocoagulation (diathermy), and electrodesiccation, which 
In turn will be briefly discussed. 

High-Frequency Snare. — A few laryngologists have suggested the 
use of the high-frequency snare for tonsillectomy. The same current 
used for cutting (bipolar! is passed through a metallic snare, ana 
the tonsil is removed by the same technic as in the cold snare of*™* 
tion, except that the current is used while the snare separates the 
tonsil from its bed. Its advocates claim that the possibility of hemor- 
rhage is less, and that it has the further advantage of sterilizing the 
operative field. While It undoubtedly has these advantages, it has not 
been adopted for general use because of the greater care necessary 
for the proper control of the current, lest other structures In the throat 
be damaged. In common with any known method, the danger or 
hemorrhage Is, however, not entirely avoided, regardless of primary 
capillary sealing. It would not be entirely safe to depend upon U 
permanently to seal the normal or anomalous larger vessels that may 
be encountered. It is doubtful what the future appraisement of this 
method will be, but at the present time, at least, it is not as popular 
as the electrocoagulation (diathermy) or the el tetrodes! ccatlon meth- 
ods (unipolar) for tonsillectomy. 

Electrocoagulation (Diathermy). — The electrocoagulation effect 
produced by the bipolar d' Arson val current of high amperage and iow 
voltage has been widely employed during recent yean* for the removal 
of tonsils, with a fair measure of success. Published opinions diner, 
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Method No. 2 Is perhaps more generally in use than the others and 
Is quite satisfactory If correct technical rules are observed. 

Method No. 3 bids fair to be popular also, and those who employ 
it believe it satisfactory. 



SatL» of bual-cell epithelioma of tha cheek treated by efcctrodeakcatWai. 
To* derttalted crik appear o loo* ikbdcr thradi — ^n n i mm lflcitiop oecroaii-" 
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Paradoxical as it may seem, the different estimates of its value may 
all be correct, each depending upon the point of view. This is ex- 
plained by the fact that high-frequency currents are characterized by, 
and subject to, great flexibility, both as regards the mode of produc- 
tion and also In the effect produced by them In the tissues. A wide 
range of effects can therefore be obtained from their use, depending 
to a great extent upon the construction of the apparatus which gen- 
erates the current in such details as the capacity of the condensers; 
the number of windings and the thickness of the wire in the primary 
and secondary coils and in the solenoid to produce the proper Induc- 
tance; the character of the spark gap to insure the correct resistance; 
and lastly, the technic of application. 

For example, ten operators, conceivably of equal ability and experi- 
ence, might In all sincerity and accuracy report their findings, but 
with no two of them exactly agreeing. Tiffs is explained by the fact 
that none of them employed the same electrical factors nor the same 
technic In their work. Thus the views of diverse nature are explained. 

In the. course of development of any Important Invention, a con- 
dition of uncertainty is to be expected for a time, until all factors are 
standardized toward the end that maximum efficiency will be attained 
by all employing them. 

There are four methods in use for employing electrocoagulation 
(diathermy) In tonsillectomy: 

1. Destroying the tonsil as completely as possible at one operation, 
employing an active needle electrode, and a passive metallic electrode 
on the back of the patient 

2. The removal of the tonsil in small portions in a series of treat- 
ments, employing an electrically activated straight or booked needle as 
the active electrode. Multiple punctures in the tonsils are thus made 
and the indifferent electrode is placed upon the back of the patient 

3. The use of a metallic ring electrode which encircles the tonsil, 
and when pressed inward exposes the tonsil to view, and also acts 
as the indifferent electrode. The active electrodes are straight or 
hooked needles, insulated except at the point, and the tonsils are 
removed little by little in a series of treatments, also by means 01 
multiple punctures. 

4. The removal by means of two insulated booked electrode 
clamped together like a tonsil forceps, and used at the same time, each 
carrying the current from opposite sides of the high-frequency ma- 
chine. By this method the tonsils may possibly be removed by one 
operation, or better, by a series of operations. 

Method No. 1 has been discarded by most operators because the 
inflammatory reaction Is too great, and the danger of destroying 
adjacent structures In the throat and of secondary hemorrhage is to 
be seriously considered as a possible hazard. It is therefore not recom- 
mended for general use. 
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A whole gamut of effects may be produced In tissues by the various 
mani festations of electrical currents, some of which are desirable for 
the treatment of certain lesions, though contraindicated for others. 

I prefer to speak in definite terms of effects when possible, rather 
than of general methods. For example, the term “drugs” will help little 
in prescribing for a definite ailment, whereas, “digitalis” can instantly 
be recognized as the particular “drug” to be administered in certain 
heart lesions. The use of such terms as electrosurgery, diathermy, 
endothermy, etc., though proper in their place as general terms, is 
therefore analogous to the use of the term “drugs,” which is indefinite 
in description of the particular drug actually employed, whereas elec- 
trod eslccati on, selected from a wide range of thermic electrical effects, 
is a known entity like “digitalis,” and can be standardized for definite 
uses, one of which Is for the successful removal of tonsils, as well as 
certain other lesions before mentioned. Electrocoagulation can like- 
wise be distinguished from electrodesiccation, with its definite indi- 
cations; and again the effect of the high-frequency knife upon tissue 
Is dissimilar to either, though in turn of value, when it would be 
improper to use the other electrosurgical methods. 

It can therefore be seen that general terms are not conducive to 
a dose understanding among scientific observers, while standardization 
of methods in terms of effects and special technic will permit of 
duplication of results by different surgeons. Out of the range of effects 
of applied electridty for surgical uses, electrodesiccation, electroco- 
agulation, and the high-frequency knife have up to this time been 
found by experimental studies and clinical use to be more practical 
and useful than others thus far recognized. 

The harnessing of Nature’s mysterious force by patient workers in 
the surgical field for the alleviation of human suffering is an achieve- 
ment comparable with the greatest in surgical annals. This sentiment 
has been voiced by some of the most critical minded of our profession. 
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Method No. 4 seems a rational procedure, but Its real value has 
yet to be demonstrated since so few laryngologists have thus far em- 
ployed It 

Inquiry regarding removal of tonsils by the series treatment method 
among experienced laryngologists reveals that complete work Is seldom 
accomplished in less than six treatments to each tonsil, In periods 
varying from seven days to two weeks between treatments. Some 
operators employ as many as a o to 25 treatments. Seldom Is complete 
removal accomplished in any case in less than three months, and it 
sometimes requires six months or more. It would seem that such pro- 
longation of inflammation would be objectionable, but I am told by 
those who employ it that patients do not object to lt- 

AU four methods have been fully described in current medio) lit- 
erature which is readily available, hence no attempt will be made to 
enter further into discussion of them in this chapter. 

In fairness to all may I state that these methods no doubt are suc- 
cessfully employed by capable men who have studied and applied 
them, but, in common with any method designed for a definite pur- 
pose, some disadvantages are almost sure to exist. 

Elec trod esiccatlon. — From my experience vrith the use of all types 
of high-frequency currents for general surgical purposes for nearly 
25 years, I prefer the unipolar current of low amperage and high 
voltage for the removal of tonsils. May I therefore not be accused of 
bias if I differ somewhat from those who prefer any form of the 
bipolar, high amperage, and low voltage current (diathermy). 

My growing impression is that electrodesiccatlcm possesses fewer 
disadvantages, and that It Is more suitable for delicate throat work, 
than electrocoagulation (diathermy), inasmuch as there is better con- 
trol with electrodesiccation; the Inflammatory reaction Is slighter; 
there Is, I think, less resulting fibrotlc change; the hax ar d of secondary 
hemorrhage Is less to be feared; the natural contour of the tonsillar 
fossa Is better maintained; the work is completed in fewer treatments; 
and the results are afl that can be expected of any method. 

Analysis of adverse reports concerning dectrwlesiccatiou In tonsil- 
lectomy reveals mis undemanding of the method and the employment 
of an improper technic. 

Electrosurglcal methods for tonsillectomy should be practiced by 
laryngologists when Indicated in complicated cases, but to Insure the 
best results, careful study and mastery of technic are necessary, else 
they wiB be disappointed with results. 

Conclusion 

The term dectrvsvrgcry is a broad one. expressing so many wavs 
and means of applying various forms of electrical energy for roe 
removal of abnormal tissue as often to cause confusion In the minds 
of those seeking reliable information. 
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A whole gamut of effects may be produced in tissues by the various 
manifestations of electrical currents, some of which are desirable for 
the treatment of certain lesions, though contraindicated for others. 

I prefer to speak in definite terms of effects when possible, rather 
ihfin of general methods. For example, the term “drugs’' will help little 
in prescribing for a definite ailment, whereas, “digitalis” can instantly 
be recognized as the particular “drug'’ to be administered In certain 
heart lesions. The use of such terms as electrosurgery, diathermy, 
endotbermy, etc., though proper in their place as general terms, is 
therefore analogous to the use of the term “drugs,” which is indefinite 
In description of the particular drug actually employed, whereas elec- 
trodesiccation, selected from a wide range of thermic electrical effects, 
is a known entity like “digitalis,” and can be standardized for definite 
uses, one of which is for the successful removal of tonsils, as well as 
certain other lesions before mentioned. Electrocoagulation can like- 
wise be distinguished from electrodesiccation, with its definite indi- 
cations; and again the effect of the high-frequency knife upon tissue 
Is dissimilar to either, though in turn of value, when it would be 
Improper to use the other electrosurgical methods. 

It can therefore be seen that general terms are not conducive to 
t close understanding among scientific observers, while standardization 
of methods in terms of effects and special technic will permit of 
duplication of results by different surgeons. Out of the range of effects 
of applied electricity for surgical uses, electrodesiccation, electroco- 
agulation, and the high-frequency knife have up to this time been 
found by experimental studies and clinical use to be more practical 
and useful than others thus far recognized. 

The harnessing of Nature’s mysterious force by patient workers in 
the surgical field for the alleviation of human suffering is an achieve- 
ment comparable with the greatest in surgical annals. This sentiment 
has been voiced by some of the most critical minded of our profession. 
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Method No. 4 seem* a rational procedure, but Its real value has 
yet to be demonstrated since so few laryngologists have thus far em- 
ployed it 

Inquiry regarding removal of tonsils by the series treatment method 
among experienced laryngologists reveals that complete work Is seldom 
accomplished in less than six treatments to each tonsil, In periods 
varying from seven days to two weeks between treatments. Some 
operators employ as many as 20 to 25 treatments. Seldom Is complete 
removal accomplished in any case in less than three months, and It 
sometimes requires six months or more. It would seem that such pro- 
longation of inflammation would be objectionable, but I am told by 
those who employ It that patients do not object to It. 

All four methods have been fully described In current medical lit- 
erature which is readily available, hence no attempt will be made to 
enter further into discussion of them in this chapter. 

In fairness to all may I state that these methods no doubt are suc- 
cessfully employed by capable men who have studied and applied 
them, but, in common with any method designed for a definite pur- 
pose, some disadvantages are almost sure to exist. 

El ectrod eaiccation. — From my experience with the use of all types 
of high-frequency currents for general surgical purposes for nearly 
35 years, I prefer the unipolar current of low amperage and high 
voltage for the removal of tonsils. May I therefore not be accused of 
bias if I differ somewhat from those who prefer any form of the 
bipolar, high amperage, and low voltage current (diathermy). 

My growing Impression is that el ectrodesi ccati on possesses fewer 
disadvantages, end that it is more suitable for delicate throat work, 
than electrocoagulation (diathermy), Inasmuch as there is better con- 
trol with electrodesiccation; the Inflammatory reaction Is slighter; 
there is, I think, less resulting fibrotic change; the hazard of secondary 
hemorrhage Is less to be feared; the natural contour of the tonsillar 
fossa is better maintained; the work Is completed In fewer treatments; 
and the results are all that can be expected of any method. 

Analysis of adverse reports concerning el ectrodesi cca tioa In tonsil- 
lectomy reveals misunderstanding of the method and the employment 
of mn Improper technic. 

Electrosurgical methods for tonsillectomy should be practiced by 
laryngologists when indicated In complicated cases, but to Insure the 
best results, careful study and mastery of technic are necessary, else 
they will be disappointed with results. 

Conclusion 

The term eketroxurgery Is a broad one, expressing so many ways 
and means of applying various forms of electrical energy for the 
removal of abnormal tissue as often to cause confusion in the minds 
of those seeking reliable information. 
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ELECTROSURGERY AND OTHER PHYSICAL THERAPY 
MEASURES IN UROLOGY 

F. G. Harrison, MD. 

Papilloma or the Penis 

Verrucae acuminata e, known commonly as venereal warts, although 
by no means always associated with any venereal disease, are caused 
by irritation from some source, usually from the prepuce. They are 
an overgrowth of the papillary layer of the skin or mucous membrane. 

They are mostly papillary in type and composed of epithelium 
which is readily transplantable to produce neighboring buds. They 
may resemble epitheliomas or condylomas, from which they must be 
differentiated. 

Correction of the irritation, whether from uncleanliness or dis- 
charges, often causes disappearance. Balanitis and phimosis must be 
corrected to prevent recurrence, and this may necessitate circumcision. 

While the ordinary treatment is the application of nitric or tri- 
chloracetic add, if not applied carefully and the excess mopped, the 
surrounding mucous membrane is likely to be destroyed. 

The most satisfactory results are obtained by applying io to 20 
per cent cocaine solution directly to the growth. After allowing a few 
nrinutes to elapse for the anesthetic to trie effect, a fine needle elec- 
trode is introduced at the base of the growth and it is destroyed, using 
the monopolar high frequency and a low current. 

A dusting powder and a dry dressing may be applied, the warts 
either dropping off with treatment or in a few days. 

Chancroid 

Any genital ulcer Is regarded as a chancre until proved otherwise. 
While the incubation period and the clinical characteristics may be 
'och as point to a chancroid, it is the golden rule that no treatment 
,flou *d be started until an absolute diagnosis is made. The dark field 
examination for Treponema pallidum is positive in well over 90 per 
°f untreated cases on the first examination. For those sores which 
p 1 ve received local treatment, especially preparations of mercury, it 
"J^^utial that all this be removed and the suspected ulcer cleansed 
aud bathed in normal salt solution by repeated applications. The 
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and with progression may break down and discharge pus from sec- 
ondary infection or become a lesion like the initial focus. 

As epithelioma is uncommon before the fortieth year, the diagnosis 
is made by exclusion. Biopsy is not recommended, unless just prior 
to operative procedure, as it has a tendency to promote metastasis. 

Similar to cancer elsewhere in the body, the prognosis depends 
largely upon an early diagnosis with prompt and efficient treatment. 
The later in life the condition develops, the slower it seems to grow. 
Prognosis is good if seen early, and while it has been stated that 
should Inguinal lymph node involvement occur, cure is doubtful, yet 
many are reported. 

Roentgen rays, surgery, diathermy and radium are the agents em- 
ployed in the attack, either alone or combined; but it depends upon 
the site and duration to some extent Surgeons have stated that the 
epithelioma involving the glnns or distal third of the penis may be 
treated by partial amputation, but that which extends to the middle 
or proximal third demands extirpation. 

Preoperative roentgen-ray therapy of not more than one treatment 
is always advised. A preliminary block dissection of the inguinal glands 
is carried out prior to the radical surgery on the penis. These glands 
may be destroyed by diathermy, by placing the flat disk active elec- 
trode over the glands after exposure by the skin Indslon and slowly 
heating until the gloved finger cannot be borne on the tissues and with 
repetition. Due care must be given to the femoral vessels which lie 
beneath. 

The partial amputation is carried out with due respect for the skin 
flaps, and placing and suturing of the cut urethra to prevent con- 
tracture and stricture formation of the new meatus. 

Complete extirpation is performed in the same manner, with the 
°ew urinary meatus brought out to prevent stricture formation. 

Intensive postoperative roentgen-ray therapy is routinely advised. 
Complete emasculation is rarely employed, and In recent years there 
*«ms to be a tendency, whether warranted or not, to avoid the knife 
because of discouraging resultant metastasis, and to employ measures 
that produce no mutilation with tendency to regional metastasis. 

Diathermy has been used in the treatment of epithelioma, employ- 
ing the bipolar current with the Inactive electrode beneath the sacrum 
and a flat disk active electrode. General anesthesia Is not necessary. 
The cancerous tissue is destroyed by the slow process of thermo- 
riectrocoagulation, avoiding all sparking, and the coagulation is 
carried cut well beyond the diseased area to the normal healthy 
to Insure complete destruction of the growth. 

The same procedure as detailed above is carried out with regard 
to the inguinal glands. Preoperative and postoperative roentgen-ray 
toerapy i s advised. 

Pfahler and Widman report a series of cases which were treated by 
radiotherapy and electrocoagulation. Certain cases respond better when 
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physician who neglects this dark field examination or. If not possess- 
ing the facilities to carry out this procedure, falls to direct the patient 
to where it can be done Is guilty of moral malpractice, at least 

If dark field examinations be negative for three or four successive 
days, and if the Wassermann reaction be negative, local treatment 
may be applied. It is wise to continue weekly serologic examinations 
until the sixth week or the secondary period, has been passed. 

Many chancroids can be cured by correcting the hygienic habits of 
the patient, as uncleanliness is usually the forerunner. There art many 
remwlies offered for cure, such as application of caustics and adds, 
but the writer has found that crystals of argyrol are very effident and 
where this Is unsuccessful or by reason of the phagedenic spread, the 
method recommended by Robbins and Seabury is applied. 

The chancroid is cleansed and a 10 to to per cent solution of 
cocaine is applied directly with a swab, which is bdd In place several 
minutes. A liberal application of s 5 per cent cupric sulphate is made to 
the excavated area, and with the monopolar current of the diathermy 
apparatus and the vacuum electrode, the nicer is completely ful- 
gurated, care being given to carry the destruction well under the 
undermined edges and beyond. 

Corbus has pointed out that using a fine needle as an electrode and 
desiccating the sore, rather than sparking it, Is superior, as it does 
not carbonise the tissues and at the same time permits greater heat 
penetration. The grayish-green area is now covered with a dusting 
powder, and, if there should be any spread, the procedure may be 
repeated. Usually In a few days the phagedenic ulcer has been changed 
to normal, healthy granulation tissue. 

The accompanying unilateral inguinal adenitis may be treated wiln 
diathermy if seen before suppuration occurs. The smaller electrode a 
placed over the Inflamed gland and the larger one beneath the but- 
tocks and treatment given for 40 minutes, repeated daily. Should 
suppuration occur, incision and enucleation of the gland are indicated. 

Epithelioma 

The etiology of cancer of the penis is unknown, but It has been 
recognized that a long and adherent foreskin, with resultant Irrita- 
tion from smeg m a and a chronic balanoposthltis, predisposes. Epithe- 
lioma among the circumcised is rare. . 

This condition arises on the glans or prepuce, frequently on the sue 
of an old scar formation. Keyes reports it may start as an mdarated 
nodule under the skin or as a patch of leukoplakia. Beginning as a 
wart on the skin, or an ulcer, it becomes deeply ulcerated with gmnm 
lating or cauliflower -like growths with a foul seropurulent discharge. 
It may spread arid involve the entire penis and adjacent structure*. 
It la slow growing and pain is usually not an early symptom, it* 
regional lymph nodes are reported as becoming involved rather late, 
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dudng fever or who develop Influenza or acute febrile conditions. 
Santos fn his experiments reported that 43 0 C. (109. 4 0 F.) for 76 
minutes, 44 0 C. (m.2 0 F.) for 54 minutes and 45 0 C. (113 0 F.) 
for 37 minutes were necessary to kill gonococd. It has been shown by 
others recently that in vitro the gonococcus will survive 30 minutes 
at 45 ° C. (113 0 F.). The point is whether experimental studies of 
the gonococcus grown tn vitro help us determine their relative re- 
sistance in the tissues. It may be analogous that, despite recent 
research to discover a chemical gonococdride, the urologist frequently 
returns to the old established irrigant — potassium permanganate — not- 
withstanding the fact that its germiddal properties are much less than 
many others. It would seem, therefore, that if by applying diathermy 
we create an unfavorable condition for the viability of the gonococcus, 
without disturbing the mucosa, we are accomplishing enough to war- 
rant its trial. 

Nagelschmldt, with reference to the male urethra, states, “Theo- 
retically, it would be easy to apply heat deeply with diathermy, but 
practically it is quite different. In order to obtain an even, deep beat, 
ooe must apply diathermy with low amperage during a long time. It 
is technically very difficult to diatherraatize the whole urethra far 
into the bladder without heating up some places too high. In the pars 
Pendula no difficulties appear. As soon as we reach the root of the 
i*ds, it is impossible without special technic to heat through the 
urethra in all directions with an even temperature.” Corbitt and 
O Conor in their book state, “It is a firm belief that ultimately the 
technical difficulties which so far have prevented the absolute per- 
fection of this method will be solved.” 

The use of medical diathermy in the treatment of acute gonorrhea 
has been upheld by many authors — Roucayrol, Seres, Walker, Watson, 
Curaberbatch and Robinson, Corbitt and O'Conor, Gomez 
and Gastano, H. Schmidt, Nagelschmldt, Shohan, MacArthur, RedewiH 
and others— but has been discounted by recent textbooks of urology, 
notably those of Keyes, Pdouxe and Eberhart in this country and 
AlacDonagh of England. 

within the scope of this chapter to discuss the physical 
Ppndples which govern the development and application of the type 
0 current suitable for diathermy. It is sufficient to state that should 
wfn be ^ployed, it is essential to get a good mac h ine which 

deliver all that is expected of it with a margin to spare. It should 
capable of delivering 2000 to 3000 ma. in a steady volume wfth- 
*PPredable variation over a period of one hour. Small machines 
_ Ef , doing this do not produce results. Whether a portable 
J 4 desirable is a personal decision. We like a portable machine 
Pali ^ f CM be moved from one room to another or even to the 
borne. MacArthur In a personal communication informs me 
tan W * a * arge machine with connections such that two patients 
M Seated at same time. Of tbe greatest importance are the 
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radium is applied together with roentgen-ray therapy. Amputation was 
carried out by electrocoagulation at approximately the junction of 
proximal and middle third, without regard for the urethra. There Is 
no record of stricture formation and in a personal communication I 
am told there was none. While the method of amputation with elec- 
trocautery produces a bloodless field, most surgeons would regard 
the abandoning of the new urinary meatus to Its fate as hazardous. 

Gonoruheal Ukethritis 

Electrotherapy with the production of heat in the tissues in the 
treatment of gonorrhea is by no means new, yet the evaluation of this 
method has not been firmly established. This may be due to the mis- 
leading and colorful statements of enthusiasts or to the doleful nega- 
tive confirmation of the doubters. There Is no specific cure for 
gonorrhea, and, as diathermy is the production of electrical heat, it is 
useless to expert results other than those derived from heat actively 
generated in the tissues. It is a biologic finding that under all condi- 
tions beat up to the optimum point increases the activity of tissue 
cells, and down to a minimum point decreases the activity of the tissue 
cells, which leads to the conclusion that the production of beat in 
the body tissues Increases cell activity, and thus the Inflammatory 
reactions to an irritant are greatly accelerated. 

Medical diathermy has been regarded as having marked analgesic 
properties. It increases cell activity and hyperemia, with its resulting 
glowing of the blood stream due to the dilatation of the blood-vessel 
walls. It increases diapedesis both in rate and amount, and accelerates 
phagocytosis. It produces a deleterious effect directly upon the invad- 
ing irritant and decreases the amount of scar-tissue formation, as the 
first changes in inflammation are accelerated and also reabsorption 
takes place faster. 

The contraindications to diathermy are few but must be understood. 
It cannot be substituted for surgical drainage In a collection of pas — 
as diathermy may aggravate the condition, and septicemia results. 
It should never be used where there has been any hemorrhage or 
where there is possibility of any. 

The gonococcus has long presented cultural difficulties making it 
next to impossible to obtain growths except under the most favorable 
conditions, as the pus obtained at epididymotomy. Recently with the 
Introduction of the calf-brain media and attention to hydrogen-ion con- 
centration, it is reported the organisms may be cultured from the 
urethral pus. It would seem that conditions have to be most favorable 
for its growth, and, as the gonococcus is not very hardy, the least un- 
favorable circumstances will have a tendency to destroy 1L It has been 
a well-established fact that excess heat has a deleterious effect upon 
the gonococcus. The clinical coarse of acute gonorrhea, has been 
markedly lessened in those Individuals who have complications pro- 



Gonorrheal Urethritis n] 7 

and thus surgical diathermy or figuration is apt to occur with a 
resulting traumatic fistula. 

Following the suggestion of MacArtbur, the writer applies dia- 
thermy to the anterior urethra, using two strips of block tin ]/j inch 
wide, cut to a length which will run the entire urethra, anointed with 
K-Y lubricating jelly and strapped with adhesive. Attention is given 
to directing that the electrode on the floor of the penis be slightly 
smaller, as the urethra is closer to the floor. Intimate contact of all 
electrodes is roost essential, and it is best to have all cords completely 
Insulated to the very point of attachment. A small rubber cuff can be 
dipped over this point after the connection has been made. It is 



« 1 - — Stxlp tin eltctroda ent to knjth akin* the antrrioi trrcthr*, held to pUcc by 
“®*STf^RuhbfT cuff* may be polled over conoectko point* to prevent ibocfc. (Alter 


desirable to Increase the current slowly, taking at least five minutes 
briwe maximum intensity is produced, and reverse the procedure for 
ojttlng off the current. As there is no thermometer to act as an 
“Viator, the milliampe remeter must be watched, with the current 
Joying between 300 and 800 ma. The length of the treatment should 
^ CaSt 1 k° lrr 813 d should be repeated daily or, better, twice daily 
^ f?° n ococd are eradicated. The temperature of the urethra 
ndsed to 109 to 112 0 F. (42.78 to 44-44° C.) for the duration 
the treatment, a temperature at which it is alleged the gonococcus 
destroyed. This treatment can be continued for some time (Fig. 1). 
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electrodes, which will be discussed under each condition because it is 
here the personal element enters. 

Provision has to be made so that the patient can lie for an hour or 
more without being disturbed and, If not under personal supervision 
the entire time, at least watched by someone competent to Judge if the 
patient is getting what is desired. Better results are obtained by 
arousing the Interest and cooperation of the patient, by explaining 
carefully to him exactly what you wish to accomplish and assuring 
him that there will be no shocks or painful effects. After the first 
application with no untoward effects, the patient’s morale is raised, 
particularly with clinical Improvement, and afterward the cord con* 
necdng with the switch is given him so be can break the circuit if the 
heat becomes too intense. 

It would seem that diathermy will never become popular, at bat, 
mainly from economic reasons. The physician needs special, e*pcnsf vc 
apparatus, a separate room for an hour or more, and the procedure 
must have skilful supervision. Of necessity a larger fee most be 
charged to the patient, who in these times of economic stress is more 
than likely unable to pay it. Thus it will be shelved except for the 
wealthy, or in those distinct cases where diathermy is so superior to 
other forms of treatment that self-preservation of professional ran*, 
will impel its use. , . 

To the patient presenting himself with acute gonorrheal 
in the early stage, i.e., the first or second day, with the 
limited to the anterior urethra, anterior to penoscrotal juncture, 
diathermy may aid in effecting a speedy cure. By the two-glass itwt, 
the first may be cloudy and contain a few shreds, but the j 5CCO , . 
should be dear. Theoretically this is the time, if diathermy h laDie 
to sterilize the urethra by killing the gonococci, the best results sn«j 
be obtained, comparable to a successful so-called abortive trea > 
which is seldom employed. The great difficulty has been to 
suitable set of electrodes which will give even heat to : the uretn 
Various types of intra-urethral electrodes have been devised, notamy 
the one by Corbus, which is unsuccessful because: 

i. A basic urologic maxim states that no instxumCTt should be 
passed in the inflamed urethra in the presence of gonococci. 

a. Patient is usually not able to tolerate instrument in the u “r_. 
urethra for sufficient period of time to get desired result Corots 
states however, "Contrary to the general impression of this form 
treatment, it is painless during the period of application. Auer 
withdrawal of the thermophore there is a copious discharge of ier ^‘ 
and mucus which lasts until the next urination.” The writer does 
favor this treatment. . 

3 , As the urethra is not of uniform caliber, an electrode does 
fit snugly against the mucosa, ao that sparking will occur. 

4. Heat h liable to be concentrated on the tip of the inatrumen 
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has not been so favorable, whether because of faulty technic or be- 
cause we failed to get proper cooperation from our patients. In most 
cases the discharge appeared a little more profuse after the first treat- 
ment and then gradually cleared. The acute symptoms were alleviated. 
Gonococci did not seem to disappear any more quickly than with 
other methods. Clinic patients are difficult to hold to treatment, par- 
ticularly when the symptoms with which they present themselves have 
abated. It has been observed that, as our technic improved, better 
results were obtained, and we are inclined to blame ourselves rather 
than the method for our earlier failures. We do not advocate this as a 
routine treatment for acute urethritis. 



.fm. j. — Loolked Inflammation In perineum — Cowpert gland. Small block tin 
rfOrodt otrr affected am and held in place by adhoive titer ihaving. Large electrode 
l 6 by g in.) beoeath buttock*. 


With posterior involvement of the urethra, which occurs in the 
majority of cases treated by any means, complications may occur, and 
|t is here that diathermy occupies first rank in the treatment. Propby- 
“f" c treatments to the posterior urethra and prostate have been 
*0 vised at this time, where there has been a period of Inactivity with 
°'der methods. 

Periurethritis may occur anywhere along the urethra, but the com- 
M^est sites are immediately posterior to the glans penis and in the 
P?~ftun. The latter may be due to extension from the glands of 
AJttre or from inflammation in Cowper's glands. 
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This treatment does allay all the acute symptoms and checks the 
discharge considerably, even if the infection has Invaded the bulbous 
portion of the urethra, and can be used in conjunction with the 
various accepted modes of treatment, as Internal medication, hand 
injections or irrigations, copious draughts of water, free catharsis, 
restriction of exercise and diet, and a taboo to sexual excitement and 
alcohol. 

In the acute fulminating types where the penis is edematous, the 
tips of the meatus and the prepuce are swollen and the patient com- 
plains of Intense dysuria, palliative treatment alone can be instituted, 
as injections or irrigations are not Indicated or tolerated, and dia- 
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thermy occupies a stellar rftfe and acts as an excellent palliative 
measure, as often one treatment will entirely relieve the acute symp- 
toms, and injections can be resumed shortly. . . 

Redewill et aJ. In a recent artlde maintain that with properly 
electrodes external to the penis, the urethra having been P rev * t ?~^ 
filled with 0.5 to 1 per cent mercorochrome, uniformly cxcellen 
results can be obtained with the use of diathermy. . 

MacArthur reports a series of 15 cases of acute gonorrheal uretnn- 
tis in which, after the fifth diathermy treatment, the gonococcus 
could not be found In 14. In two cases a recurrence was noted. 

Our experience with diathermy In the treatment of acute gonorrnea 
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A patient with acute prostatitis is a hospital case, because the effec- 
tiveness of the treatment directed to the prostate in the first few hours 
will determine the future management. It is here that a portable 
diathermy machine is Indicated, for it can be brought to the patient’s 
bed. The patient is placed on his belly, with the larger so-called in- 
active electrode of block tin, approximately 6 by 8 inches, anointed 
with soap lather or K-Y lubricating jelly, beneath the lower abdomen. 
The buttocks are spread, with one hand, and the prostatic electrode, 
copiously anointed with lubricant, is introduced easily and carefully 
into the rectum, directing the concave metal portion to come in actual 
contact with the diseased portion of the prostate, as having been 
previously determined by rectal palpation. This may be turned to 
various areas during the treatment if necessary. Too much emphasis 
cannot be placed upon how skilfully and painlessly the introduction 
of this electrode should be carried out. The patient is particularly 
apprehensive at the beginning of the first treatment, the prostate may 
be exceedingly tender and there may be some tenesmus with attempt 
to force the electrode out, but the effectiveness of the treatment de- 
pends upon how accurately the electrode is placed, so the electrical 
heat may be generated at the point desired. Upon not being shocked 
nor hurt, but, on the contrary, experiencing the soothing effects, the 
patient’s morale is raised, and the second treatment will go more easily 
with better cooperation. The thermometer is introduced through the 
shaft of the electrode, which may be held in place with small sand- 
bags above and below it, which also help to steady it. 

TOe current Is increased gradually, taking at least five minutes to 
amve at a maximum temperature of no® F., or 43.33 0 C. Above this 
temperature the patient complains of tenesmus and sacral pain, al- 
though the maximum temperature reached has been iia° F. (44.44 0 
C.). The temperature registered in the thermometer is degrees 
less than that generated in the tissues. Even when the patient is 
tolerant of a high temperature, it is difficult to obtain, as the blood 
wems to carry the heat away faster after a temperature of 109 to 
II0 ° F. is reached. The mffllarnpe re meter may vary from 1000 to 
x8oo. Many patients may not be able to tolerate this temperature at 
brat, but most will be able to bear it if It is gradually attained. In 
*otne, however, the tolerance will not be that high, and In these the 
patients’ statements must be given as much weight as the thermometer 
10 the prostatlc electrode. 

treatment should extend over a period of 40 minutes to 1 hour 
cr daily, or even twice a day until the acute symptoms dis- 

appear. 

Catheterisation ^ have to be carried out for retention of urine 
and should be done under the strictest aseptic conditions, using a 
cat heter which will cause the least amount of trauma, even a woven 
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• While this may present itself as marked periurethral infiltration, a 
large percentage undergo suppuration with -the formation of an abscess 
with persistent urethral fistula, or a persistence of the gonococcus in 
the follicles causes recurrence of the acute urethritis. Diathermy is 
very useful in checking the inflammation and preventing absress 
formation, and If a persistent urethral fistula be present with demon- 
strable orga ni sms, in eradicating the gonococd and aiding in a speedy 
closure of the fistula with abatement of the urethritis. Should an 
abscess form, diathermy is contraindicated and surgical drainage in- 
stituted. 

If the inflammation is confined to the penile urethra, two small tin 
electrodes are employed, with the smaller one, which should be just 
of sufficient size to cover the affected area, placed on the posterior 
surface, the larger electrode directly opposite on the anterior surface, 
and both strapped in place with adhesive. Usually, not more than 
200 to 300 raa. are required, which is repeated dally for at least an 
hour (Figs. 2, 3). 

In cases of periurethritis involving the perineum, an electrode is 
fitted over the Inflamed area on the perineum, and the block tin plate 
is used as the other electrode, employing not more than 800 to 
1200 ma.'Of current. 

We have observed diathermy dear up these troublesome peri- 
urethral fistulas where older methods were of no avail. If pus forms, 
It must be drained surgically. 

Acute Peostatitis 

Diathermy Is the treatment of choice in the management of acute 
prostatiti9 occurring either as a complication of an acute urethritis, or 
in that smaller group of cases where the infection is hematogenous 
from disease elsewhere — as influenza. It far surpasses the old time- 
honored methods of applying heat — namely, sitz baths and bot rectal 
douches — because the heat can be actively directed to the prostate 
with a higher temperature, which is more uniform, and over a long er 
length of time. It relieves Lte patient quickly of the distressing symp- 
toms, Indudlng retention of urine. If that be present, and reduces the 
size of the prostate rapidly and thereby shortens the duration of the 
disease. Outside of a slight tenesmus, which may be present at the 
introduction of the prostatic electrode at the. first treatment and 
which usually disappears afterward, it has a distinct soothing effect 
upon the patient. In accordance with accepted general surgical prin- 
dples, if pus collects forming an abscess, prostatotomy is demanded. 
The older method of passing a sound through the urethra and nip- 
turing the abscess with the hope that it will drain Into the urethra 
not looked upoo with favor, but open operation with drainage estao- 
llshed to keep from rupture into bladder or rectum. 
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A patient with acute prostatitis is a hospital case, because the effec- 
tiveness of the treatment directed to the prostate in the first few hours 
will determine the future management. It is here that a portable 
diathermy machine is indicated, for it caD be brought to the patient’s 
bed. The patient is placed on his belly, with the larger so-called in- 
active electrode of block tin, approximately 6 by 8 inches, anointed 
with soap lather or K-Y lubricating jelly, beneath the lower abdomen. 
The buttocks are spread, with one hand, and the prostatic electrode, 
copiously anointed with lubricant, is introduced easily and carefully 
into the rectum, directing the concave metal portion to come in actual 
contact with the diseased portion of the prostate, as having been 
previously determined by rectal palpation. This may be turned to 
various areas during the treatment if necessary. Too much e mp hasis 
cannot be placed upon how skilfully and painlessly the introduction 
of this electrode should be earned out. The patient is particularly 
apprehensive at the beginning of the first treatment, the prostate may 
be exceedingly tender and there may be some tenesmus with attempt 
to force the electrode out, but the effectiveness of the treatment de- 
pends upon how accurately the electrode is placed, so the electrical 
heat may be generated at the point desired. Upon not being shocked 
nor hurt, but, on the contrary, experiencing the soothing effects, the 
patient’s morale is raised, and the second treatment will go more easily 
with better cooperation. The thermometer is introduced through the 
shaft of the electrode, which may be held in place with small sand- 
bags above and below it, which also help to steady it 

The current is Increased gradually, taking at least five minutes to 
^ve at a maximum temperature of no° F., or 43.33 0 C. Above this 
tcm P CTa ture the patient complains of tenesmus and sacral pain, al- 
though the maximum temperature reached has been 112 0 F. (4444 0 
C.). The temperature registered in the thermometer is 1^3 degrees 
less than that generated In the tissues. Even when the patient Is 
tolerant of a high temperature, it is difficult to obtain, as the blood 
seems to cany the heat away faster after a temperature of 109 to 
IIO ° F- is reached. The milli amperemeter may vary from 1000 to 
1800. Many patients may not be able to tolerate this temperature at 
or* 1 ) but most will be able to bear it if it is gradually attained. In 
however, the tolerance will not be that high, and In these the 
patients’ statements must be given as much weight as the thermometer 
la the prostatic electrode. 

Tha treatment should extend over a period of 40 minutes to 1 hour 
or longer, dally, or even twice a day until the acute symptoms dis- 
appear, 

Cotheteriiation may have to be carried out for retention of urine 
be done under the strictest aseptic conditions, using a 
catheter which will cause the least amount of trauma, even a woven 
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olivary-tipped or steel catheter if necessary with plenty of lubrication. 
AD other local forms of treatment should be stopped during an acute 
prostatitis. The same routine is carried out in an acute infection of 
the seminal vesicle*. 

Diathermy has produced remarkable results fn our cases of acute 
prostatitis, and, when presenting themselves early enough for pallia- 
tive treatment to be instituted, prostatic abscess is a rare termination. 
Often, for patients with acute prostatitis refusing to be bospl tallied, 
and in institutions where diathermy cannot be carried out for one 
reason or another, hot rectal douches or hot sit* baths are advised 
several times daily. 


Chronic Prostatitis 

Chronic prostatitis may result as a termination of an acute pros- 
tatitis, or it may be the product of the insidious extension occurring 
in the majority of cases with an acute urethritis. It may or may not 
produce any symptoms, but with absorption it acts as a focus for a 
host of symptoms, which wfll not be relieved until a careful search 
reveals the prostate as on offending portal. 

The time-honored routine treatment of chronic prostatitis with 
digital massage and total bladder irrigation, supplemented with 
sounds, over dilatation of the posterior urethra, bacterin and protein 
therapy, has not produced brilliant results either in a permanent cure 
or the rapidity with which It was accomplished. Indeed, in a minority 
of patients who present themselves with a chronic prostatitis, it may 
be impossible to get the gland in such a shape that the microscopic 
examination of the prostatic drop does not reveal pus, even though 
the symptoms may be entirely gone. When a patient asks at the begin- 
ning in what time be may expect a cure, the truthful answer of “im- „ 
possible to state” rarely satisfies, and yet anywhere from “two months 
to two years with the average of approximately eleven months” is 
even less gratifying. 

Anything which tends to offer a better solution of this Inaccessible 
Infection is welcome, and diathermy has been offered as a means of 
shortening the duration of chronic prostatitis. It is carried out in the 
same manner as described under Acute Prostatitis, the treatment 
being given two or three times a week. Less distress is experienced 
upon the introduction of the electrode and the tenesmus is practically 
absent At least 40-minute treatments should be given (Fig. 4)- 

The diagnosis of chronic prostatitis fa made, first, upon tbe findings 
at rectal palpation of the prostate, and secondly, on the immediate 
examination under high-power microscopic field (% objective) of the 
expressed secretions, with the white blood cell count of not more 
than 5 per field being regarded as normal. This examination is 
carried out, of c n o^e, before any treatment is instituted, but Mac- 
Arthur advises <! a “check-up” is not necessary between treatments, 
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which should be given in series; in fact, he states that patients who 
have been given prostatic massage before their diathermy treatment 
do not respond as well as those who had none. A patient should be 
given one or two series of eight or ten treatments each and then a 
“check-up” on the prostatic secretion and, if this be abnormal, the 
series repeated. 

MacArthur reports very good results from diathermy in chronic 
prostatitis. Our results like many others are variable, being not nearly 
as striking as in (be cases of acute prostatitis. In a few, diathermy 
produced a cure, the cell count dropping to normal and staying there 
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®her repeated examinations at lengthening intervals, but in a majority 
|here has been no apparent beneficial result. It is true that the symp- 
jf 1115 are relieved, but in other respects the condition is similar to 
mat In the cases treated by digital massage, In other words, dlscourag- 
“S - ^£ r haps In our series of cases the treatments were not prolonged 
®°ugh, and many of them had received previous prostatic massage. 

was noted that careful attention to technical details gives better 
trnto^k J ^ ga ^ n c^Bomic conditions come up; most patients will 

tpve the time necessary and have not the means to have diathermy 
ul ° nt ’ Dcit * ler do we have the physical accommodations de- 
m treating all patients with chronic prostatitis with diathermy, 
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especially in hospital clinics. Therefore we reserve diathermy for those 
selected cases in which either by time, examination or economic con- 
dition It seems indicated. 


Epididymitis 

Epididymitis; a complication in about 15 to 20 per cent of cases 
of acute urethritis, with greater prevalence In hospital clinic cases, is 
included in the group of circumscribed areas of inflammation which 
are amenable to diathermy. The usual palliative treatment is rest in 
bed, with elevation by a bandage or strapping, application of heat or 
cold, free catharsis, forcing fluids, and perhaps protein injections. 
Local treatment must be stopped This usually incapacitates the 
patient for from five to fourteen days, with the possibility that if the 
condition does not subside, incision and drainage may be necessitated 
Some urologists do not believe in the palliative treatment but recom- 
mend immediate drainage, which results in a shorter hospital stay. 
We advocate palliative treatment except in the following conditions, 
which indicate that an epididymotomy should be done: 

1. In the relief of pain. 

а. Casea which do not subside promptly under palliative treatment 

3. Recurrent attacks. 

4. Bilateral cases. 

5. As a greater chance against sterility on the affected side. 

б. To enable the patient to get on his feet sooner. 

Diathermy has been recommended as a means of relieving the sub- 
jective symptoms and speedily returning the epididymis to normal. 
We have discarded the scrotal thermophore in favor of two block tin 
electrodes, cut to she and molded to fit the conditions, as described 
by MacArthur. As the epididymis lies under the posterior surface of 
the scrotum, the posterior electrode overlying this should be smaller 
than the anterior one. The electrodes are covered with soap lather or 
lubricating jelly and may be strapped with adhesive to hold them in 
place, held by the patient or supported by small sandbags (Fig. 5). 
The pressure applied on the upper electrode holds the lower electrode 
in place. The tolerance to heat varies greatly In patients. As there is 
no thermometer connection, the beat should be raised gradually, using 
from 750 to 800 ma., and the treatment carried on for at least 40 
minutes to r hour after maximum temperature has been reached. At 
times it may be well to Increase the heat until cutaneous discomfort 
Is noticed and then reduce the current slightly so no unpleasant sensa- 
tion accompanies the treatment Treatments for a shorter time do 
not get the desired results and should be given dally on til the condition 
improves. 

MacArthur reports a series of 35 cases of epididymitis, 21 of which 
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were hospital patients. In these the average number of days before 
pain had subsided was 1.76, and the number of diathermy treatments 
required to reduce pain was 1.57. The average stay In the hospital was 
6.52 days. The patients were not discharged until all the pain and 
tenderness had subsided, as had the swelling. These patients were all 
in condition to begin local treatment Average number of diathermy 
treatments was 3.28. There were 14 cases in his private office; the 
length of time to relieve pain was 20 days, and the number of treat- 
ments was 1.9. Entire condition subsided in 6.7 days, with the aver- 
age number of diathermy treatments being 6.1. 



5— Molded block tin electrodes In «cute rpidldyrnitU. Smaller electrode on 
«rface and hrjer oo anterior. May be held In place by Hjcbt tandhag or bavint 
P**®! bold U. Prawre 00 anterior electrode keeps poaterior electrode In place. 


In 10 of the office cases, posterior irrigations were begun 9.8 days 
*fter onset of the epididymitis, accompanied by prostatic diathermy, 
without recurrences. In this series of 35 cases, none required opera- 
tive interference. In 6 cases the patients were able to carry on with 
their work after the first diathermy treatment, although one had a 
recurr ence on the third day, which forced him to lay off for a day. 

thir results are by no means comparable to this and. may be 
J^cded as indifferent It Is our experience that in a majority of cases 
the pain usually subsides as soon as the patient stays In bed with 
elevation of the epididymis. The diathermy treatment probably aided 
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especially in hospital clinics. Therefore we reserve diathermy for those 
selected cases in which either by time, examination or economic con- 
dition It seems indicated. 


Epididymitis 

Epididymitis, a complication in about 15 to 20 per cent of cases 
of acute urethritis, with greater prevalence In hospital dinic cases, is 
Included In the group of circumscribed areas of Inflammation which 
are amenable to diathermy. The usual palliative treatment Is rest in 
bed, with elevation by a bandage or strapping, appUcation of heat or 
cold, free catharsis, forcing fluids, and perhaps protein injections. 
Local treatment must be stopped. This usually Incapadtates the 
patient for from five to fourteen days, with the possibility that if the 
condition does not subside, incision and drainage may be necessitated. 
Some urologists do not believe In the palliative treatment but recom- 
mend immediate drainage, which results In a shorter hospital stay. 
We advocate palliative treatment except in the following conditions, 
which indicate that an epidldymotomy should be done: 

1. In the relief of pain. 

2 . Cases which do not subside promptly under palliative treatment 

3. Recurrent attacks. 

4. Bilateral cases. 

5. As a greater chance against sterility on the affected side. 

6. To enable the patient to get on his feet sooner. 

Diathermy has been recommended as a means of relieving the sub- 
jective symptoms and speedily returning the epididymis to normal. 
We have discarded the scrotal thermophore in favor of two block tin 
electrodes, ait to site and molded to fit the conditions, as described 
by MacArthur. As the epididymis lies under the posterior surface of 
the scrotum, the posterior electrode overlying this should be smaller 
than the anterior one. The electrodes are covered with soap lather or 
lubricating Jelly and may be strapped with adhesive to hold them in 
place, held by the patient or supported by small sandbags (Fig. S)- 
The pressure applied on the upper electrode holds the lower electrode 
in place. The tolerance to heat varies greatly in patients. As there is 
no thermometer connection, the heat should be raised gradually, u sin g 
from 750 to 800 ma., and the treatment carried on for at least 40 
minutes to 1 hour after maximum temperature has been reached. At 
times it may be well to increase the beat until cutaneous discomfort 
Is noticed and then reduce the current slightly so no unpleasant sensa- 
tion accompanies the treatment. Treatments for a shorter time do 
not get the desired results and should be given daffy until the condition 
improves. 

MacArthur reports a aeries of 35 cases of epididymitis, 21 of which 
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i. The local condition; the urethritis may be treated in the usual 
way or by diathermy, which will not produce results If a posterior 
involvement has occurred, in which case treatment may be directed to 
the prostate. 

3. To the sterilization of the blood stream and what results may be 
accomplished by chemotherapy. 

3. To the joint. 

Here diathermy produces marked beneficial results, as the heat may 
be accurately generated. Various types of electrodes may be used, but 
the technic must be accurate to obtain results. The wire mesh elec- 
trodes have been advocated because they conform better to the 
irregularity of the joint. Where block tin molded electrodes are used, 
attention has to be given, if the heat is required through the joint, 
that the electrodes are of equal size; but where It Is required that the 
heat be nearer one surface of a joint, the smaller electrode should 
be placed over that, area and kept in place by strapping and sandbags. 

The method of a cuff arrangement above and below the joint does 
not work out well, the current going almost through the superficial 
tissues. The various types of molded-to-fit block tin electrodes adapt 
themselves very wefl. „ 

The treatments should be from 40 minutes to 1 hour dally until 
the patient is better, and the amount of current varies with the 
individual, ranging from 800 to 3000 ma. The tolerance of the patient 
Is the best guide. 

Chronic Intlauuation of Sheath of Corpora Cavernosa 

Chronic Inflammation of the erectile tissues of the penis, especially 
of the corpora cavernosa, leads to areas of induration which, although 
painless, progress so that erection is difficult and impossible, or accom- 
plished with a marked curvation of the penis. The condition may 
progress until these fibrous plaques become calcareous. The etiology is 
unknown but is often associated with a rheumatic or gouty diathesis. 
The majority of these patients have a chronic prostatitis also. 

The treatment has been most unsatisfactory, with attention to any 
correction in metabolism, prostatic massage, internal administration 
of potassium Iodide and often direct injections of fibrolysin, with the 
condition often becoming progressively worse. 

We have tried diathermy In several of these cases, along with other 
mentioned treatment, and the results have been as good with other 
methods, if not better. If the fibrous plaques are formed as a result 
of chronic inflammation, then In diathermy we have the best means of 
combating this, If seen early enough. The electrodes of molded block 
tin are applied in the same manner as for periurethral conditions and, 
^tmg 40 minutes, the treatments are given two or three times a 
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us In getting relief, but In accomplishing the rapid reduction of swell- 
ing and getting the patient out of the hospital In six days, we cannot 
record anything like the remarkable results as reported by MacArthur. 
It has been our belief that it Is unwise to resume local treatment under 
a month, in cases of epididymitis treated palllatlvely, but where 
epldidymotomy has been performed, local treatment can be started 
sooner. We advise all cases of epididymitis to stay In bed, preferably 
In the hospital where they can be watched and where It Is possible to 
carry out diathermy as an adjunct to the routine treatment of eleva- 
tion, forcing fluids and possibly nonspecific protein therapy. 

A distressing funiculitis often accompanies the involvement of the 
epididymis, and this may be treated by pladng one electrode over 
the globus minor of the epididymis, while the other Is placed over the 
external abdominal ring. This permits heat to extend over the acces- 
sible portion of the vas and should be carried out as previously 
described. 

The question arises, naturally, whether in those cases treated with 
diathermy, the testicular function of spermatogenesis Is disturbed. 
MacArthur, attempting to answer this, was not definitely able to state 
at the time of his report but is of the opinion that it Is not. There 
were 10 cases of epididymitis which were given from one to ten treat- 
ments of diathermy, after which operation was performed and a sec- 
tion of testis removed. In 6 of the 10 cases, the pathologic findings In 
the' testes were so severe that spermatogenesis was lost, but this could 
readily be due to the intensity of the infection and not to the dia- 
thermy. In 2 of io cases (one of four treatments and one of six) 
both bad active spermatogenesis. In a case of chronic bilateral epididy- 
mitis, in which It was either a case of doing a bilateral epididyrocctoray 
or treating with diathermy, the treatments were given to both epi- 
dldymes, after which all the pain and swelling subsided. One month 
later, semen showed actively motile sperms and this was checked np in 
another similar case and motile sperms found. The consensus of 
opinion is that there Is no permanent damage. 

Diathermy should be withheld and epldidymotomy employed when 
actual pus formation is present. 

Arthritis 

The acute arthritis, which occurs as a metastatic complicat ion o f 
acute gonorrheal urethritis, Is a serious affair and demands prompt 
and efficient remedial measures, else the individual may be crippled 
for life. While nearly any joint may be affected, the larger joints as 
the knee, ankle, hip and elbow are mostly involved and it may oe 
polyarticular. Synovitis and tenosynovitis may accompany It. 

The treatment should be directed to three main issues: 
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to disturbances of micturition, mostly frequency and perhaps some 
pain at the end of urination. The urine- is usually clear and free from 
pus. The experienced cystoscoplst will have no difficulty in diagnosis, 
and the polyps are quickly and easily destroyed by electrocoagulation. 
A large block tin electrode, 6 by 8 inches, is placed beneath the pa- 
tient’s buttocks, then with a No. 6 French Bugbee electrode in the 
cystoscope, the tip is placed in contact with the base of the polyp and 
with a low current it is quickly destroyed. Much better vision and 
m a n ipulation may be obtained by having a continuous stream of boric 
solution flowing to distend the urethra. The current should not be too 
strong, not nearly as much as is used in destroying tumors of the 
bladder, as the posterior urethra is more sensitive and the patient does 
not tolerate this as well. We usually employ local anesthesia only, 
which is obtained by placing a tablet consisting of one grain of novo- 
caine in the posterior urethra with a tablet depositor, which Is espe- 
cially designed for that purpose. If the patient is nervous and appre- 
hensive, a hypodermic injection of morphine and atropine is given one- 
half hour before the operation, or some other sedative like sodium 
amytal may be used. Caudal anesthesia has been used and, where the 
occasion demands it, general anesthesia, where due caution must be 
taken in regard to electric sparks and ether if used. 

Usually such growths can be destroyed at one sitting, and the patient 
is advised to return in several weeks for observation. 

The same treatment is applicable and the response equally as good 
b similar diseases of the posterior urethra, as tumors of the verumon- 
tanum, hypertrophy of the verumontanum and granulation tissue in 
the posterior urethra. We have used this bipolar method of electro- 
coagulation in cases of varices or bleeding coming from the posterior 
urethra, in some instances following topical application of silver 
nitrate, when nothing else would control the marked hemorrhage; 
*ith continuous dilatation of the urethra, the bleeding point Is sought, 
^d, placing the tip of the Bugbee electrode on it, electrocoagulation 
“ accomplished with a low current. 

The interest of urologists has been revived recently In the handling 
°* patients suffering from what has been called a median bar, which 
be either fibrous or glandular. The bladder neck may become 
sclerosed and contracted by fibrous scar tissue, and this may be 
tomed fibrous obstruction and may follow prostatectomy. The first 
’rork and attempt at correction was done by Guthrie just one hundred 
^ ari a £°> and it was stated by him that only those bars or obstruc- 
tions which were not associated with glandular enlargement were 
to the Instrumentation he devised before the days of direct 
v«ion of these contractures. This method fell Into disuse and remained 
formant until Young brought forth his punch, with which pieces were 
itten out of the bladder neck at various angles until the obstruction 
anH if C ?? OVcd ‘ Tlle great dail S er m thia procedure was hemorrhage, 
1110 it has been our custom to do a suprapubic cystotomy and bite out 
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week. As this disease is slowly progressive, It may be some time before 
definite signs indicate that even this treatment is of no avaiL 

Enuezsts 

Enuresis in children is essentially a functional disease with a natural 
tendency toward cessation at puberty. Often a careful physical exam' 
lnatlon in male children will disclose some alteration in the urine, 
irritation about the meatus or glans, stricture calculus or spina bifida 
occulta, the correction of which will arrest this condition. Curtailing 
the fluid intake after 4 pjj. nnd the pladng of a large wooden pill 
box or wooden spool in the lumbar region with a string that may be 
tied around the waist, which will shift the child when an attempt Is 
made to sleep on the back, are often sufficient to effect a cessation 
of the enuresis. Of the remaining cases, we have found by a cysto- 
scopic examination, mostly under a general anesthetic, that the pros- 
tatic urethra is usually markedly congested, with an enlargement and 
engorgement of the verumontanura. With the tip of the No. 6 French 
Bugbee electrode placed on the verumontanum through the cysto- 
scope and a large electrode beneath the buttocks, the bipolar current 
Is turned on and the verumontanum electrocoagulated. 

We have seen a number of young boys where this treatment was 
highly effective, enuresis not being resumed after a single treatment 

Urethra 

There are several conditions involving the urethra, particularly the 
posterior urethra, in which electrosurgery produces brilliant results, 
that in the past have been difficult to accomplish with the older 
methods of sounds, overdilatation of the posterior urethra and the 
topical applications with silver nitrate. 

The general practitioner is usually not equipped nor has he the 
ability to make cystoscopic examinations, but he should bear in mind 
that patients complaining of some disturbance of micturition, such as 
frequency or burning, or possibly terminal hematuria, may have some 
pathologic change in the posterior urethra, which will account for this 
even though the cystoscopic examination fails to reveal any abnormal- 
ity In the bladder or kidneys. The expert makes It a part of the routine 
examination, after completing the inspection of the bladder, thoroughly 
to investigate the urethra. This is best carried out with the cysto- 
urethroscope or convex sheath and having a continuous stream of 
boric solution flowing all the time to distend the urethra. This mates 
a better instrument for diagnostic purposes, at least, than the ordi- 
nary urethroscope, with either the curved posterior tube or straight 
tube, and permits a thorough inspection of the entire urethra. 

At times small polyps or polypoid formations are found at the 
vesical neck or Just outside In the prastatic urethra, which give rise 
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Coiling! Has always emphasized that this electrical excision is only 
applicable In fibrous bars and be does not recommend its use in the 
glandular type. The knife-Uke electrode is introduced through the 
modified McCarthy foroblique panendoscope, and the excision carried 
out under direct vision, which is aided by continuous irrigations 
throughout the operation. 

The patient should be hospitalized and the operation carried out 
under caudal anesthesia, or, as we have ascertained in the last few 
cases, local anesthesia, the drug being given directly into the bar by a 
long needle attachment to tbe hypodermic syringe. A large block tin 
electrode Is placed under tbe buttocks for an inactive electrode. 

The author states: “The cysto-urethroscope is passed into the blad- 
der. With the bladder partially distended, and the inflow and outflow 
of water regulated, the electrode is engaged upon the bar at 6 o’clock. 
Tbe current is turned on and marked bubbling is noted. Tbe protein 
molecules are exploded by jostling of the high-frequency oscillations. 
Tbe urethroscope and electrode are slowly pulled back en masse 
until tbe venrmontanum appears. A white furrow about i mm. deep 
is seen. The instrument, with the electrode In the furrow, is then 
pushed forward and through the bladder neck. Working back and 
forth in this manner the groove is gradually widened and deepened. 
Cut until you see the last obstructing fibrous band has been sawed into. 
One can, from the verumontanum, look down a deep valley (perhaps 
1.5 cm. deep) and see tbe base of tbe bladder. Persist in your efforts 
until you are satisfied tbe patient has a wide open bladder neck. If 
this is accomplished, the patient will be relieved. We were all timid 
at first and cut too little. Do not be afraid of the rectum — it is still 
1.5 cm. away (as determined on the cadaver). 

“By turning the knife blade sideways one engages the blade on the 
bladder neck at 5 o’clock. Cut downward and backward until the 
intervening tissue is whittled away. This procedure is repeated at 
7 o’clock. 

“The operation can be slowly and precisely performed In about 30 
minutes. 

“There is only a minimal amount of heat penetration beyond the 
une of incision. By microscopic examination we have found tissue 
destruction extends only 1 to 2 mm. beyond the cut.” 

The one drawback to this procedure has been the necessity of an 
apparatus to deliver the cutting current. Tbe ordinary diathermy or 
h'gb-frequency machine will not deliver this current We now employ 
P dime the same Westinghouse machine as used in the modified 
Punch operation. For the visual excision of fibrous bars, this 
to*frument is effective, but it is not suitable for the glandular types of 
obstruction, neither is it as rapid nor has it as much latitude as tbe 
nK *ii&ed Caulk, which formerly carried this out without direct vision. 

Stern conceived the idea of a loop exrisor, and in 1926 started a 
movement which has been termed variously as transurethral prostatlc 
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the pieces under direct vision, so the hemorrhage, if there were any, 
could be controlled at that time. 

Recently, some new Instruments have been offered for the correc- 
tion of this obstruction, some of which employ direct vision, and from 
being relegated to a palliative procedure, a wild enthusiasm has swept 
along to such an extent that not only are the fibrotic median bars 
attacked but resection of glandular hypertrophy, so that in a large v 
urban hospital no radical prostatectomy has been carried out daring 
the past year. 

Formerly, this method was advised in those obstructions of the 
vesical neck due to a fibrous median-bar formation where the glandu- 
lar dement was not the primary factor; in contractions of the neck 
following prostatectomy; as a palliative procedure in those cases which 
for one reason or another could not stand a radical operation and 
where enough tissue could be removed to prevent retention; and 
lastly, in cases of carcinoma of the prostate for the relief of reten- 
tion, with no expectation of a curative process. 

Caulk has devised an ingenious punch to correct obstructions at 
the bladder neck. The instrument is an electrical adaptation of the 
Young punch and, while observation of the portion to be excised may 
bo carried out prior to the excision, the actual punching Is carried 
out without visual aid. Recently there has been added a visual system 
to this punch. The patient should be hospitalized. The anesthesia may 
be caudal or local, employing the long needle attachment to the 
syringe, and the operation may be carried out painlessly with the ex- 
ception of the point when the tissue La just being completely excised. 

A large block tin plate is placed beneath the buttocks for the inactive 
electrode. The author states that the heat generated does not destroy 
this removed tissue and a histopathologic section may be made where 
d i agnosis b desired. He has further stated, recently, that not only are 
the fibrous contractures at the bladder neck amenable to this opera- 
tion but be is employing It in the glandular types of obstruction, 
namely, hypertrophy, cutting sections at various angles to relieve the 
obstruction, following which there was noticed a recession In the size 
of the gland. 

Birdsall has modified the Caulk punch by enlarging the fenestra and 
employing a cutting current as delivered by the portable endotherm, 
a spark gap machine of the Westinghouse Company, which combines 
medical and surgical diathermy with a cutting current The hemor- 
rhage is minimal, and a Robinson catheter, No. 24 French, b tied in 
for forty-eight hours. There are some patients whose urethra will not 
take this No. 28 French instrument; general contraindications will be 
discussed .inter. 

Codings has offered a method of electrical excision of these bars by 
utilizing the cutting current The oscillations of the cutting current 
are some fourteen or fifteen times faster per second than the fulgurat- 
ing high frequency suggested by Beer and require a special apparatus. 
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only factors to be considered in the end-results, even if the remainder 
of the gland undergoes retrogressive changes. 


Biaduer 

With the introduction of the high-frequency current presented to 
urology by Dr. Edwin Beer, in 1910, the treatment of benign tumors 
of the bladder whs completely revised. The poor results following 
open operation were 50 discouraging that the profession welcomed this 
new dectrosurgical procedure and today it is the accepted mode of 
treatment. It is essential that the correct diagnosis be made, and the 
expert cystoscopist is able in well over 90 per cent of cases to differ- 
entiate between a noninfiltrating benign tumor and an infiltrating 
malignant tumor. Failure to respond to electrocoagulation is sugges- 
tive that the growth is malignant. 

Beer advised the monopolar current, but the bipolar current is used 
mostly now. A large 6 by 8 inch block tin electrode is placed beneath 
the patient’s buttocks to act as an inactive electrode. The cystoscope 
with the Bugbee electrode is passed into the bladder, and the tip of 
the electrode is placed at the base of the narrow pedicle and the 
papilloma destroyed. Where the base cannot be seen, the electrode 
is placed against this projecting mass, but the tumor is destroyed 
more quickly when the base can be attacked. When the current, which 
may be used stronger here than In the posterior urethra, is turned on, 
a stream of bubbles arises and pieces of tissue may seem to burst. 
The speed of destruction depends upon the size of the tumor, but most 
papillomas can be destroyed in several sittings. As there is a marked 
tendency to recurrence, approximately 40 per cent, the patient is 
requested to report at three months’ intervals for the first year, six 
months’ intervals the second year and yearly thereafter to check up 
a £ainst recurrence. 

When the tumor discovered in the bladder is considered malignant, 
the question of the form of treatment is most important, first, in that 
jhe prognosis depends upon how early and accurately the diagnosis 
a made, and secondly, as there is no universally accepted treatment 
and each case Is a study in itself, the procedure employed being 
dependent on many factors. 

Th®* I 3 no accepted pathologic classification of bladder tumors, and 
the cystoscopist should rely upon the clinical classification of malig- 
ttUKr y- The expert cystoscopist Is able to give a better opinion than 
JY 01 * else, notwithstanding that biopsy has been advised in doubt- 
j cas es> despite the warning that this may disseminate the growth 
p^ter. Papillomas are considered potentially malignant and are liable 

undergo malignant degeneration if not destroyed. The cystoscopist 
^filtrating 6 ma ^® nant tumors 1°!° two t}!* 3 — noninfiltrating and 

Upon the family physician rests the responsibility of early rifwgnnsis 
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resection and punch prostatectomy. Davis proved the practicability 
of loop resection by reporting in 1931 a series of 100 cases with no 
fatalities. Marked improvement had been made in the machines pro- 
ducing the cutting current and in the switching devices to the coagula- 
tion current for the arrest of hemorrhage. McCarthy, olive to its 
possibilities, proceeded along scientific lines to produce a unit nearer 
to perfection. Enlisting engineering aid, the “McCarthy surgical unit” 
has been offered as the Last word In the tube-set high-frequency 
machi n e. The controversy has not been definitely settled as to whether 
the tube-set or a spark-gap machine is the better type. It is claimed 
that the tube-set has many advantages over the spark-gap and none 
of its disadvantages, due to its uniformly continuous oscillation, which 
makes cutting smoother. From the practical standpoint in our clinic, 
the cutting and coagulation current, as produced from a portable 
spark-gap endotherm, Is very effective. 

A special bakelite sheath is provided for the panendoscope, and the 
resection carried out under direct vision. Multiple bites are necessary, 
and usually the first bite is the largest. The patient should have a 
permanent catheter for several days. 

Tbe same careful examination and preparation are as necessary for 
these patients as for those who are candidates for a radical operation, 
where renal and cardiovascular tests besides others have to reach a 
certain standard before the patient qualifies. Moot of the instruments 
used for resection are of fairly large caliber (No. 38 French), certain 
urethras tolerate such manipulation poorly and urethral fever results 
as after any other instrumentation; this should be carefully guarded 
against, as well as ascending infection. We have seen several cases of 
stricture formation follow, particularly near the meatus. While the 
procedure has been described as bloodless, it may be far from this at 
times. With new improvements in switching from the cutting to the 
coagulating current, much hemorrhage is controlled with the coagulat- 
ing electrode and thb should be carried out after each bite is removed. 

It takes considerable manipulative skill to become a resectionlst, 
even if one is more than fairly familiar with the cystoscope, and it 
has been discarded by some after several disastrous attempts. We 
have had and seen certain cases where radical operation had to be 
carried out where attempts at resection had failed for one reason or 
another. 

Not every prostatic enlargement Is suitable for resection, and cases 
carefully selected will give the best results. Certain it fa that those 
prostatlcs with Intravesical complications such as stone, tumor or 
diverticulum are not suitable candidates. Very large intravesical and 
large Intra-urethral enlargements are difficult to handle and often 
impossible. 

Sufficient time baa not elapsed for ultimate evaluation of this 
procedure, for recovery and relieving of residual urine are not the 
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generally regarded as hopeless. In certain clinics the papillary car- 
cinomas are destroyed by cystoscopic electrocoagulation, and radium 
Is applied by a cystoscopic carrier, with results comparable to other 
means. Again, radium has been applied in all cases of noninfiltrating 
and infiltrating growths, and results comparable with surgery have 
been obtained in the earlier cases; attacking those advanced cases 
where surgery is contraindicated, it has relieved the patient of symp- 
toms and extended the duration of life. ' 

Surgical diathermy has been advised for carcinoma of the prostate, 
attacking by the perineal and also suprapubic routes, but has not 
found much favor. The results of treatment of carcinoma of the pros- 
tate are even more discouraging than that of carcinoma of the bladder. 
We used this method on one patient, who died of a severe hemorrhage 
from the prostate three days after operation. 

The best results in carcinoma of the prostate have been in those 
cases which were not suspidoned prior to operation, nor suspected at 
operation, but with the diagnosis made by histopathologic section after 
complete enudeation. 

Those cases which are suspected at operation, but where the gland 
has been completely removed and diagnosed definitely in the labora- 
tory, are next In line. Postoperative roentgen-ray therapy is advised. 
Where the diagnosis is suspected prior to operation, radical removal 
is not usually advised, except by Young, who recommends extra- 
capsular prostatectomy if the gland has not broken over the capsule. 

Radium has been advised in these cases and may be applied in the 
form of seeds, either by exposing the gland suprapublcally and then 
perineally or by implanting through a needle in the perineum. The 
roentgen ray will disclose the exact position of these implanted seeds. 
The histopathologic diagnosis may be made by aspirating some of the 
peostatic tissue through a sped a I needle. Roentgenograms should be 
made of the bones and lungs to rule out metastasis before any treat- 
ment. 

Tbe roentgen ray will often relieve the distressing pain in the back 
jmd legs, which may be the first subjective symptom. The prognosis 
« bad. 

Uketer 

.The treatment for stenosis of the ureteral orifice formerly was in- 
msiem, which was liable to be attended with severe bleeding and which 
few reported cases necessitated cystotomy. This also applied to 
cases where there was a distinct bulging of the last centimeter 
01 ureter due to the oedusion by a stone. 

ureteral orifice can now be slit for any reason by surgical dia- 
through the cystoscope. With the patient prepared as for cysto- 
*^pic electrocoagulation, a special dectrode with a small Y-shaped 
°P introduced into the orifice, and, with the bipolar current, the 
r°of of the ureter is Incised for a short distance. This may be accom- 
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in these cases of malignant tumor of the bladder. With the cardinal 
symptom of often painless hematuria, the patient consults his advisor, 
who too often complacently administers a urinary antiseptic and Is 
readily satisfied if the hematuria ceases in a day or two. Insistence 
of cystoscopic examination at this time would do more for the patient’s 
prognosis than our most effective treatment later on. 

With a sessffe type of tumor, the best information with regard to 
what extent Infiltration has taken place is obtained by an aerocyito- 
gram and a cystogmm, which we employ routinely. A roentgenologic 
examination should be made of the bones of the pelvis and spine, and 
of the lungs for possible metastasis, which is late and rare In those 
carcinomas affecting the bladder only, but common in those cases 
associated with carcinoma of the prostate. 

Leading authorities agree that the best results are obtained by 
radical su rgery in those selected * early cases where the tumor is 
favorably situated for excision, with or without resection of the ureter. 
Total cystectomy with transplantation of the ureters has a high mor- 
tality except In the hands of the most expert. 

In those cases which are either too extensive for resection or un- 
favorably situated but yet not too far advanced and without visible 
evidence of metastasis, we advise a combination of a suprapubic cys- 
totomy and destruction of the tumor by diathermy. General anesthesia 
is employed, and an Inactive electrode, 6 by 8 inches, is placed under 
the sacrum. The active electrode is selected from several sixes of flat 
disks and screwed on the handle, and the strong current is controlled 
by a foot switch. Due precaution must be taken if ether is used as 
an anesthetic, on account of the sparking by the machine. After 
cystotomy, the active electrode is introduced directly on the tumor 
and it is destroyed by electrocoagulation. T be charred tissue may be 
removed by a curet, and the destruction is carried out wide of the 
tumor tissue. Little attention is paid to the ureteral orifices, and usu- 
ally there is no retention on the involved aide. In a series of cases 
treated in this manner a few years ago, we implanted radium in the 
destroyed base, but the results were no better than in those vrbo did 
not receive radium, so we discontinued it Roentgen-ray therapy 
should precede and follow this procedure. This combination of 
and diathermy is not designed primarily to be curative, but It win 
relieve patients of distressing symptoms, improve their condition, m 
some cases allow them to return to their occupation and add a few 
years to their life. We have a few cases where the diagnosis was con- 
firmed by histopathologic section that are living and well five to eight 
years after operation. 

In those advanced cases, any treatment other than palliative has a 
tendency to hasten their end, so we usually reaort to roentgen-ray 
therapy and cystotomy when retention occurs. 

The so-called papillary carcinoma or noninfiltrating type responds 
better to treatment than the infiltrating type; in fact, the latter is 
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did not commence until they had exposed themselves to sunlight, 
following which healing was rapid. 

In the bilateral cases, surgery is usually contraindicated and helio- 
therapy has beta advised. Diathermy has been advocated lor palliative 
purposes, but mostly frowned upon. In some cases there is a persistent 
and distressing cystitis which resists all palliative measures. Beer 
states that figuration of these ulcerations and granulations does pro- 
duce temporary relief, and reapplications of the current may be 
necessary. 

Genital tuberculosis, primary in the epididymis and going on to 
suppuration, is amenable to surgery, and epididymectomy is indicated. 
There is a marked tendency to become bilateral. It should be borne 
in mind that the Infection in the epididymis may be secondary to that 
in the kidney, and the kidneys ruled out before any surgical procedure 
is carried out. Diathermy is contraindicated. Tuberculin given thera- 
peutically in the form of bacillus emulsion has proved beneficial in 
cases where focal, local and general reaction has been avoided. 

Testicle 

FoDowing the suggestion of Ewing who stated, in 1911, that all 
tumors of the testicle should be regarded as teratomas or mixed 
tumors, we advise radical surgery as soon as diagnosis is made. Mostly 
in young adults In the third decade, the condition is highly malignant 
and the prognosis bad, with metastasis occurring mostly to retro- 
peritoneal lymph nodes within a year, whether or not a radical re- 
section of the lymph nodes up to the lumbar group is carried out 
The Memorial Hospital of New York City reports encouraging results 
with the application of radium, but these have not been found else- 
where. 
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panied with the Bugbee electrode if one is expert. Slitting of the 
lower vesical portion of the ureter will often permit the prompt passage 
of stones, which have been lodged at this narrowest portion of the 
ureter. 

Medical diathermy has been recommended for patients with stones 
in the ureter or kidney, but it is not much used. As beat often relieves 
these conditions, diathermy should be more efficacious, but, In oar 
experience, those patients with a ureteral colic require morphine hypo- 
dermically and will tolerate nothing during the attack of severe pain. 

Kidney 

We have had little experience with diathermy in renal conditions, 
but it has been advocated In all those cases where beat was formerly 
employed. As the kidney is closer to the posterior surface, the smaller 
electrode, 4 Inches square, is placed over the kidney region, and the 
larger, 10 by 8 inches, Is placed on the upper abdomen. The current 
is increased gradually with the amperage averaging 1000 to 2000. 
This should be over a period of 40 minutes. 

In tumors of the kidney, diathermy Is contraindicated. Early diag- 
nosis as made by chromo-ureteroscopy, pyekacopy, retrograde or 
intravenous urography indicates surgery with preoperative and post- 
operative roentgen-ray therapy. In those larger hypernephromas which 
are regarded as Inoperable, roentgen-ray therapy has a marked tend- 
ency to relieve pain, stop hematuria and produce a marked diminution 
in the size of the tumor. 

Roentgen-ray therapy is indicated also in the mixed tumors of the 
kidney seen in children and where removal cannot be accomplished. 

Genito-ubenaey Tuberculosis 

Long clinical experience has placed genito- urinary tuberculosis, with 
the primary seat in the kidney, upon a surgical basis. Always second- 
ary to tuberculosis elsewhere, it is spoken of as primary in the par- 
ticular region of the genito-urinary tract that it affects first, usually 
the kidney and epididymis. While theoretically tuberculosis may begin 
as a bilateral affair, it clinically develops as a unilateral affair, and, 
when diagnosis of surgical kidney is made, nephrectomy should be 
carried out. In certain selected, bilateral cases when one kidney is 
only slightly impaired and its fellow more so, the better kidney has 
improved after nephrectomy of the worse one. 

As the condition Is systemic, the patient is by no m eans cured after 
nephrectomy. There is a marked tendency to breaking down °f the 
wuLuid. A general antituberculosis regime Is advocated — rest, good 
food and fresh air. Under the last head, heliotherapy carefully carried 
out has a distinct place, and It has been reported by Bumpus that 
some patients volunteered the Information that healing of the wound 
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PHYSICAL AGENTS IN TREATMENT OF GYNECOLOGIC 
CONDITIONS 

Grant E. Ward, MX)., F.A.C.S. 

SECTION I 
DIATHERMY 

History. — The employment of high-frequency currents for medi- 
cal or surgical purposes has come to us through a long process of de- 
velopment, brought about by the untiring, gratuitous, coQperative 
labors of a group of physicists and medical and surgical investigators, 
to all of whom a debt of deep gratitude is due. As one reviews the 
history it becomes evident that advances were often simultaneous and 
quite independent in widely separated areas, making it difficult at 
times to assign priority in the construction of apparatus and Improve- 
ments In technic. Elsewhere the history and physics of high-frequency 
currents and their biophysical effects are given in greater detail than 
is possible or necessary here; suffice It to define a few terms for clarity. 

Definitions. — Diathermy, in the simplest and most exact sense, 
me ans “to heat through.” From the word alone no electrical connec- 
tion is evident, but, since its indpiency, dla the tiny has been used to 
designate that form of heat produced within the living tissues by 
the passage of a high-frequency current through them, when this heat 
fa not destructive but within physiologic limits. Within the last few 
years ra dip-tube apparatus have been devised for diathermy treat- 
ments , which create an electromagnetic field between two large plates 
“that when tbe patient is placed within this field a rise In general 
body temperature to 105 or 106° F. results. 

Electrosurgery, on the other hand, is the utflixatlon of properly 
^Sulated high-frequency electric currents in the performance of sur- 
Ptal operations, as in making incisions In normal tissue, excising dls - 
^sed areas, or In the desiccation (dehydration) or coagulation de- 
fttucboo. The therapeutic agent Is the electrically developed lethal 
teat within tbe tissues themselves, in contradistinction to the physio- 
*°gic beat of diathermy. 

Endothertny is a name coined many years ago but not empha- 
-^ed enlarged upon until the notable work of George A. Wyeth in 
r 9 J 4- Some authorities claim for Germany the origin of this word; 
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Obviously with strong currents higher temperatures are generated; 
a happy balance between voltage and amperage must be obtained to 
generate the proper amount of heat without shocking and pain. As 
the application Is prolonged the temperature rises to a point where 
the conduction and radiation disperse the heat as rapidly as it is 
formed and a state of equilibrium exists, the given current maintain- 
ing the same temperature, as a rule, and any increase In the current 
strength Increasing the heat proportionally. 

Such conditions prevail In a homogeneous medium, but in the body 
certain variations occur due to the different densities of the body tis- 
sues through which the currents pass. The denser tissues offer in- 
creased resistance, allowing less current to flow through with corre- 
spondingly less temperature rise. Tissues vary in density from greatest 
to least as follows: bone, cartilage, ligaments, fascia, skin, muscle 
and fat Heat is also dispersed by radiation and by conduction of the 
blood stream. 

High-frequency currents are known to travel cm the surface of metal 
conductors. That this also holds In the case of organic substances was 
shown by Bettman and Crohn, who worked with bologna sausage, 
observing that the highest temperature registered at the periphery, 
just beneath the skin of the sausage. This then brings about a dif- 
ference of opinion from the theoretic aspect described above. From a 
practical standpoint, however, Investigation reveals Increases in deep 
temperatures during the application of high-frequency currents, de- 
pendent on the strength of current and balance between voltage and 
amperage; In other words, in spite of the variations In tissue struc- 
tures and densities, temperatures In deeper organs, as the lungs, liver 
and pelvic organs, are moderately raised by diathermy currents, the 
depth of this temperature and Its exact location being determined by 
the size, shape and location of the electrodes. Bettman and Crohn 
huther demonstrated that when agar-agar is the homogeneous con- 
ducting medium, temperatures occurred midway between equal-sized 
electrodes or nearer the smaller of two electrodes of different area, 
it a piece of bone or other nonconducting substance Is placed in the 
Renter of the agar, the electromagnetic waves are bent around the 
wne, and a concentration of current with a greater rise in tempera- 
hue appears at the periphery of the bone. E. A. Weinberg and the 
author (unpublished) have confirmed these observations In living dog3 
oy inserting a clinical thermometer in a hole bored m the bone of the 
foreleg and another In the surrounding soft parts, while diathermy 
a Pphed, higher temperature readings being obtained in the soft 
ports next to the bone. 

IpUeaies — In discussing the use of diathermy in gynecology, the 
*nter will refer freely to the work of Corbus and O’Conor, and 
H. Cherry and others (see bibliography). In spite of some 
u * or etIc and laboratory evidence to the contrary, heat penetration is 
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others, that Mr. Kurt Stoye, a physicist, was the first to utiliie 
it. Endothermy literally means “heat .from within.” Wyeth calls 
electrodesiccation “monotermlnal endothermy”; electrocoagulation, 
"blterminal endothermy"; and the cutting current, “endotberm knife." 
Further differentiation of electrodesiccation, electrocoagulation and 
cutting is given under “electrosurgery.” 

The term “uniterminal" refers to one cable connection between the 
small active electrode and the instrument, the patient acting as a con- 
denser, disseminating the current, which then returns to the generator. 
“Biterminal” Infers two direct connections between patient and ap- 
paratus: (i) a small active electrode, concentrating the current to 
raise the local temperature within physiologic limits (diathermy) 
or above that lethal to the tissues (electrosurgery), and (2) a large, 
inactive or plate electrode in dose contact with the patient’s skin at 
a point distant from the treated area. Frequently, two equal electrodes 
are employed to raise uniformly the temperature of a part of the body 
or extremity. In medical literature the words "bipolar' - ’ and "mono- 
polar” were extensively used, but as there Is no polarity to a high-fre- 
quency current such terms are erroneous. 

Physiology* — The physiology of heat Is thoroughly discussed in 
Volume I. Diathermy heat is, because of Its mode of production, much 
more penetrating than that from any other source. As high-frequency 
currents pass through the tissues, heat develops within them, differ- 
ing in this way from the radiation and conduction heat of hot Instru- 
ments applied to the surface of the body, as hot-water bottles, hot 
baths, the Paquelin or electric cautery, etc. Painstaking clinical and 
laboratory researches have proved that this heat penetrates to practi- 
cally any depth of the body and raises the temperature of deep- 
seated organs. Therapeutic temperatures of 10S 0 F. can be obtained 
in the urethra and rectum, and m° F. In the cervix. With this eleva- 
tion there is pari pasru an Increase in the oral temperature from 0.5 
to 1.0 degree. Such temperatures produce the familiar physiologic 
effects of dilatation of blood vessels and increased circulation, and 
have sedative effects upon the nerve endings and relaxation of the mus- 
cles. These effects bring the body defense mechanisms, leukocytosis 
and swelling of the tissues with exudation of blood plasma, to fight 
disease or promote repair processes. Certain authors claim a most im- 
portant function to be the germicidal action upon Invading organisms, 
particularly the gonococcus, noted for Its susceptibility to moderately 
high temperatures, but more recent investigations disprove this as- 
sumption. The above facts place diathermy among the standard treat- 
ments of gynecologic diseases. 

The degree of heat applied Is under the direct control of the opera- 
tor, being varied by (1) site of the electrodes, (a) densities of the 
tissues treated, (3) amount of current utilised, and (4) duration of 
application. 
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and relief of pain from reduction of pressure upon nerve filaments. 
Likewise in turn, fl rapid absorption of the exudate follows the In- 
creased blood flow, together with mobilization of the body’s natural 
defense resources. Since the inflamed adnexa usually prolapse into the 
cnldesac of Douglas, Cherry performed a series of experiments to as- 
certain temperature rises here. With an abdominal electrode measuring 
18 by 12.5 cm. and a vaginal electrode, the exposed surface of which 
measured 5 by 3 enn, the temperature of the culdesac was elevated to 
48° C., while the vaginal temperature registered 44 0 C. For this treat- 
ment a special electrode (Fig. 1) Is made with a hole drilled near 
the surface for the exposure of the thermometer bulb to the vaginal 
tissues. Through this contrivance, by adding two degrees to the tem- 
perature registered in the vaginal tissues, he estimated the approxi- 
mate degree of heat in the adnexa and, with such a technic, treated a 
series of 100 cases with disease of the tubes or ovaries, or both. 

In spite of the fact that electrotherapists and authorities on physio- 
therapy have continually warned against using diathermy in pus-con- 
taining cavities with no outlet for drainage, it seems reasonable to 
Cherry to assume that if gonococci were the exciting factor producing 
such a condition and if a penetration of the diseased structure by a 
heat of 46° C. could be obtained, the causal agent would be destroyed, 
with incidental reduction In the inflammation. Such specific heat 
effects are questioned by Scheffey and others. Improvement by this 
reduction in infection and the active hyperemia was realized in a large 
percentage of Cherry’s 100 cases. Diagnosis was made either by ob- 
taining positive smears from the urethra and cervix In most of the 
patients or, in others with negative smears, by numerous pus cells 
and a history of subacute or chronic urethritis, endocervicitis, skeni- 
tb or bartholinitis. The degrees of pelvic Involvement varied from 
small, thickened, tender adnexa to large pus tubes or tubo-ovarian 
abscesses entirely filling the pelvis. Twenty-three of the patients had 
adnexal disease without masses and 77 had adnexal disease with 
masses. 

The results in this series of cases are so remarkable that a few 
figure* are of Interest. In all there was practically instant relief of 
pmn. The masses disappeared entirely in 18 of the 77 and were re- 
duced In size In 14 more, a total improvement of 32, or 41.5 per cent 
Tbe complete disappearance of the inflammatory tumor seemed more 
3* to occur where there was an initial attack of adnexal infection, 
^hile in the chronic ones the reduction in size and subsidence of the 
scute symptoms made the lesions practically innocuous, although re- 
palpable, requiring. more prolonged diathermy. Forty-nine 
77 were entirely relieved of symptoms, operations being un- 
necessary or refused; the other 28 were operated on. At operation 
were * ounc * to be hyper era ic, soft, edematous and smooth, 
adhesions vascular and thin in contradistinction to the thick- 
^ed. fibrous type so frequently encountered in chronic pelvic in- 
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regulated by varying the size and shape of electrodes and their points 
of application. In this manner, therapeutic temperatures are applied to 
the urethra, vagina, cervix and even the adnexa, when they are the 
seat of salpingitis or tuboovarfan abscesses. The amount of heat 
tolerated by the normal tissue, without destruction or coagulation, 
probably varies between 55 and 58° C. Cherry applied diathermy 
through the abdomen of a dog, heating the bladder and rectum to 
52° C. without histopathologic changes. He also developed 55 0 C. In 
the human cervix for 10 minutes, without any gross tissue changes. 



F10. i.— Gurry ^ vtfhjal electrode*. Active metal aorface comet In caofact rdih 
cervical and ratio*] lharuv. An open window conn e ct* with a canal which 
upper nrfaca of electrode hi entire length. Thl* allow* Introduction of thermometer, 
with bulb in contact with r* final datum, ftvtnx accurate roeawrrementi of b eat 
A, electrode Bird In the treatment of cerrii and adnexa. B, electrode whh larger 
Kirface for ippBcatfem to nrethra, ptHIrtd at «ame treatment for cervix and adwra. 
C, Cherryh recently ha pro red model 

It Is well known that living tissue dies at 60 ° C., temperature also 
lethal to the gonococcus, which is vulnerable to as low a temperature 
as 4a 0 C. for ten minutes. 

Diathermy treatment of pelvic infections causes ' hyperemia ami 
quickened drculatf'm, with reduction in stasis in the engorged vessels 
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and relief of pain from reduction of pressure upon nerve filaments. 
Likewise in turn, a rapid absorption of the exudate follows the in- 
creased blood flow, together with mobilization of the body's natural 
defense resources. Since the inflamed adnexa usually prolapse into the 
culdesac of Douglas, Cherry performed a series of experiments to as- 
certain temperature rises here. With an abdominal electrode measuring 
18 by 13.5 an. and a vaginal electrode, the exposed surface of which 
measured 5 by 3 cm., the temperature of the culdesac was elevated to 
48° C., while the vaginal temperature registered 44 0 C. For this treat- 
ment a special electrode (Fig. 1) is made with a hole drilled near 
the surface for the exposure of the thermometer bulb to the vaginal 
tissues. Through this contrivance, by adding two degrees to the tem- 
perature registered in the vaginal tissues, be estimated the approxi- 
mate degree of heat in the adnexa and, with sueh a technic, treated a 
series of 100 cases with disease of the tubes or ovaries, or both. 

In spite of the fact that electrotherapists and authorities on physio- 
therapy have continually warned against using diathermy in pus-con- 
taining cavities with no outlet for drainage, it seems reasonable to 
Cherry to assume that if gonococci were the exciting factor producing 
such a condition and if a penetration of the diseased structure by a 
heat of 46° C. could be obtained, the causal agent would be destroyed, 
with incidental reduction in the inflammation. Such specific heat 
effects are questioned by SchefTey and others. Improvement by this 
reduction in infection and the active hyperemia was realized in a large 
percentage of Cherry’s 100 cases. Diagnosis was made either by ob- 
taining positive smears from the urethra and cervix in most of the 
patients or, in others with negative smears, by numerous pus cells 
and a history of subacute or chronic urethritis, endocerviritls, skeni- 
tis or bartholinitis. The degrees of pelvic Involvement varied from 
sroali, thickened, tender adnexa to large pus tubes or tu bo-ovarian 
a b 3 ce*ses entirely filling the pelvis. Twenty- three of the patients had 
a ^ Deja l disease without masses and 77 had adnexal disease with 
masses. 

The results in this series of cases are so remarkable that a few 
are of interest. In all there was practically instant relief of 
pafm The masses disappeared entirely in 18 of the 77 and were re- 
Jnn*d in size in 14 more, a total improvement of 32, or 41.5 per cent 
^ complete disappearance of the inflammatory tumor seemed more 
Vto«a.r where there was an initial attack of adnexal infection, 
w tuie In the chronic ones the reduction in size and subsidence of the 
^esymptmns made the lesions practically innocuous, although re- 
of tVi ^P®kle, requiring .more prolonged diathermy. Forty-nine 
77 were entirely relieved of symptoms, operations being un- 
or refused; the other 28 were operated on. At operation 
and r fT^ Stt n Were found t0 byperemic, soft, edematous and smooth 
^toe adhesions vascular and thin in contradistinction to the thlck- 
" br °us type so frequently encountered in chronic pelvic in- 
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flammatory disease. Conseouently, operation was greatly facilitated, 
the tumors being readily delivered with a minimum of trauma to sur- 
rounding structures. The contents had been reduced by the treatment 
to a thin, watery, straw-colored fluid instead of the usual thick, 
creamy, purulent exudate, and all cultures were negative. The lessened 
operative trauma made convalescence free from discomfort and pain, 
vomiting and distention. Only two wound infections occurred — 7.7 
per cent as against 30 per cent wound infection in a large series that 
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had no preoperative diathermy trea tm ent. In summary, Cherry says: 
u l would venture the assertion that diathermy is probably the most 
satisfactory available agent for the conservative treatment of pelvic 
infections due to the gonococcus. It relieves pain, diminishes the p civic 
masses and aids In complete resolution. Used as a preoperative thera- 
peutic measure, it will eliminate many of the technical diffi culties In 
the removal of large pelvic masses and thereby contributes a smoother 
convalescence. Incidentally the percentage of postoperative wound in- 
fections Is lessened.” Further investigation and verification of these 
results should be carried out in our larger clinics. 



Chmpna*n electrode in place treating cervix and tdntn. (Courtesy of Journal 


of Radiology.) 


There are data at present insufficient to state whether pelvic infec- 
tions other than those of gonococcal origin, such as follow parturi- 
abortion, w£TI yield so readily to diathermy. The ffttle available 
o v. 1 ** ieeT115 to point in the adverse direction. The streptococcus, 
^Phylococcus or colon badllus requires a temperature of 58 to 6o° C. 
or destruction. Diathermy, through the pelvis, raises the tempera- 
ture insufficiently to have any specific effect on these bacteria and, on 
7 * contrary, seems to aggravate the symptoms. The degrees of heat 
Sloped produce a suitable cultural temperature In which these 
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bacteria thrive, pelvic peritonitis and other complications following; 
the diagnosis of the organism is therefore extremely important. 

Technic op Diatheriiy Application in the Pelvis. — The pelvic 
application of diathermy is carried out In one of several way*: (i) 
Two large equal electrodes are placed one on the abdomen and one on 
the sacrum, with a consequent temperature increase midway between 
the electrodes. Inasmuch as the temperature Is to be concentrated as 
near as possible in the culdesac and around the cervix, the abdomino- 
vaginal application is more practical, (a) Several special electrodes 
have been devised for application to the cervix and the vaginal vault, 
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this being the nearest approach to the prolapsed diseased adnexa in 
the culdesac. (3) Another method b the abaornino rectal application, 
giving less favorable results. The accompanying illustrations (Fig 9 - 
j to 8) show better than description the methods of applying the elec- 
trodes. In the treatment of gonorrheal urethritis the Corbus electrode 
(Fig. 9) is Applied through the urethra with a pad on the abdomen, 
or beneath the sac am. 
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In the abdominovaginal or abdomfno-urethral application a ther- 
mometer is contained In the active electrode, as a guide to the tem- 
perature rise. Accurate approximation of the electrodes, both on the 
surface and in the cavity treated, is important The large pad elec- 
trode, usually consisting of block tin, is covered with green soap for 
accurate contact and held firmly on the abdomen by belt or sand bag 
— not necessary for sacral application, as then the patient lies on the 
electrode, assuring even contact with the skin. Any irregularities on 



S Diathermy 

bacteria thrive, pelvic peritonitis and other complications following; 
the diagnosis of the organism is therefore extremely Important 

Technic or Diathermy Application in the Pelvis. — The pelvic 
application of diathermy Is carried out In one of several ways: (i) 
Two large equal electrodes are placed one on the abdomen and one on 
the sacrum, with a consequent temperature increase midway between 
the electrodes. Inasmuch os the temperature Is to be concentrated as 
near as possible In the culdesac and around the cervix, the abdomino- 
vaginal application Is more practical, (a) Several special electrodes 
have been devised for application to the cervix and tne vaginal vault, 
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this being the nearest approach to the prolapsed diseased adnexa in 
the culdesac. (3) Another method is the abdomlnorectal application , 
giving less favorable results. The accompanying illustrations (F*# 5 - 
2 to 8) show better than description tbe methods of applying the elec- 
trodes. In the treatment of gonorrheal urethritis the Cornua electrode 
(Fig. 9) is applied through the urethra with a pad on the abdomen, 
or beneath the sacrum. 
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the temperature rises above this, the current is reduced to maintain 
the desired degree of heat. The treatment is continued for from 15 to 
30 minutes and repeated at three to five day intervals, until improve- 
ment becomes stationary. Endocervicitis, usually coexistent with the 
adnexal disease, receives treatment while the pelvis is diathermized. 
After the intrapelvic disease has cleared up, any lingering chronic 
infection requires electrocoagulation, to be described in a subsequent 
paragraph. 

Diathermy for acute gonorrheal urethritis is not firmly established 
but should be mentioned because of beneficial results in certain cases. 
Treatment is by the use of the Cor bus thermophore (Fig. 9), a small, 
round instrument with a tapering, metal tip an Inch and a half to two 
inches in length, carrying a thermometer in its center. Application is 
directly within the urethra, with a large inactive pad beneath the but- 
tocks. The urethra] orifice is cleansed with boric solution, and the 
sterilized thermophore inserted and held in place by a suitable clamp 
fastened to the table. Treatment is continued for from 15 to 30 min- 
utes at a temperature of 41° C. (800 to 1,000 ma. of current) and re- 
peated In from three to five days until urethral discharge has sub- 
sided. The current is Increased slowly, taking about eight minutes to 
reach the desired milliamperage and temperature. 

The destruction of infection in Skene’s glands requires a true sur- 
gical procedure but is discussed here because of its close association 
with gonorrheal Infections of the other pelvic organs. The periurethral 
tissues are cleansed with a mild antiseptic, and 2 per cent novocaine 
injected at four points about the urethra. A needle- like electrode, car- 
rying either a fairly strong uniterminal current of rather high amper- 
*ge or a moderately strong bite rminal current, is inserted the full 
length of the gland until a whitish, coagulated area appears about the 
uwdle. This insures complete destruction of the infection and the epi- 
Ihelial lining of the gland. Argyrol, 10 per cent, is applied to the 
urethra about twice a week until healing occurs in two to three weeks. 

.The literature contains many reports of the use of diathermy in 
j treatment of dysmenorrhea, with highly satisfactory results, the 
Jf^cased blood flow accounting for the improvement. It is also stated 
am tnonkea, when due to hypoplasia of the endometrium, is 
P^atly benefited by the dilatation of blood vessels (Theflhaber). 
'-'Uthmann, I. de Ruben and others vouch for the symptomatic im- 
provement In vesical affections, particularly cystitis. Here the muscu- 
5 P a5m is relieved and painful urination or incontinence eliminated. 
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the surface cause uneven concentration of the current with uncom- 
fortable sparking or, In some, a bum. The electrodes are norr con- 
nected to the machine and the current turned on, beginning Mound 
200 to 250 ma. and slowly increasing until vaginal temperature reaches 
42 or 43 d C. This usually requires 1,000 to 1,500 oitu of cun cut If 


xw*Vf 



¥» i — Ztstt btrftcov**b#i efcfctrwk, No- i, whb tool fclwJa tWwi *t«owt ttr ^* 
cooceotmiac h**i tn cervical catutf and Iwpe4i*i» parametrium without material «■* 
in rrrtuaj arid urethra, fivin* temperature* oi top lo no* F. (43.78 to 4J-J3 C.J ® 
emu tori ure th ra and to* t<i 109* T. (4141 to 4».jS* C.) ia reetcun- 



Fie q — Coebua thenaouhora ccauktm* of thin aictel »Cacc A, doaad at at* 
w*t. toranjnft* 5 mm ra diameter A Wirt -rubber ihidd. B, measure* *5 cm- J (B> - 
«0d alio* %■ trtro««m of 4 cm for mjertioc m tha ctrra or urttbrt- C, t»- 

mrail peosulttl for attachment of cable Kpplyiof current. P, thermometer Inserted to 
fuU < 5 eP*h of ibrll w i readin** taken from axpcaejl portion. II Us* be« JoowJ «** 
rreet accuracy t* D«nun m cootfructia* (b* {Mira meet to itmart ft* proper J**" 
form* nee Any small dutbertoy tnarbiaa capable of Mtppfyii** »oa to 1,000 m»- 
produce Vat e&aiutW to apply the thermophore. (Court cay of Cwboa tod tyCoocX, »M 
Bwr Bubhshitw Co J 


Electrocoagulation nj 13 

The first electrosurgical current wa3 uni terminal — only one wire 
and one electrode connecting the patient with the generator. This 
“figuration” current is of high voltage (potential) from a long spark 
gap and correspondingly low amperage (volume of current). The ef- 
fective heat penetration of such current is limited, and soon its Ineffi- 
ciency for the destruction of any large amount of diseased tissue was 
realized. During years of development the voltage has been reduced 
by shortening the spark gap and altering the transformer, there being, 
pari passu, a perceptible increase in amperage. Higher frequencies 
were obtained with the shorter spark gap and still higher frequencies 
with the introduction of a multiple gap (Clark). The present-day cur- 
rents are much more powerful than the earlier ones, destroying readily 
to a depth of 2 or 3 mm. in a short time, longer contact coagulat- 
ing tissue to 1.5 cm. from the point of application when necessary. 
Along with this development of such powerful currents came the ad- 
vent of dectrosurgical cutting, first popularized by George A. Wyeth, 
so useful in sealing capillaries and lymph vessels as the incision is 
made. 

Electrodesiccation 

Electrodesiccation, as its name implies, is the dehydration of tissues 
by the heat developed within them during the passage of a high-fre- 
quency current. William L. Clark of Philadelphia, first to employ this 
term, uses it to designate that form of tissue-destruction caused by the 
passage of a uni terminal current of high amperage and low voltage 
(short spark gap). The cells are devoid of water (dehydrated) and 
appear elongated and shriveled under the microscope, the cell outline, 
however, being still visible. These changes are most marked in the 
heat-sensitive tumor cells. 

The author studied the histologic changes effected by electrosurgical 
currents, in an effort to confirm Clark's work, and found that by 
'^ r yi n £ the strength (amperage and voltage) and time of application, 
electrodesiccation could be obtained with either 0 uniterminal or bi- 
terminal current, much less time being required, however, for desicca- 
tion with the stronger blterminal current In the literature, however, 
the term desiccation usually means the dehydration of tissues with a 
mu ^ e ™^ na l current; that is, a current delivered to the patient through 
one electrode and one wire from the generator, the patient dissipating 
the current through the air back to its source. 

Electrocoagulation 

Electrocoagulation was first employed by E. Doyen of Paris about 

907 , who enlarged upon the figuration of Reviere, Pozzi and de 
ajKlh!f ^ art ^ c hanging the electrical connections to the patient 
using more powerful transformers. Two wires connect the 
KWerator t 0 the patient, one to a large pad beneath the back or but- 
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SECTION n 

ELECTROSURGERY 

The use of high-frequency, oscillating electric currents as physical 
agents in performing any surgical operation is called “electrosargerj^ 
in contradistinction to the usual surgery with the cold, sharp scalpeL 
Under "diathermy” a careful differentiation between it and electro- 
surgery is made. There are three electrosurgical currents, designated 
by th ei r effects, desiccation (dehydration), coagulation and cutting. 
Electrosurgical currents are alternating in character, Le., their direc- 
tion of flow changes many times pier second, and bet^use these alter- 
nations are so numerous, usually 750,000 to 1,000,000 and at tunes 
3,000,000 per second, the term Ugh frequency is used to distinguish 
the current from the low frequency commercial currents of ordinarily 
60 cycles, or 120 oscillations pier second. The higher the oscillations, 
the smoother the current, with less muscular response and more effec- 
tive application. These currents are of varying voltage and amperage, 
depending upon the needs. 
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homogeneous mass. The tumor cells, being more sensitive to heat, are 
affected first, forming large masses of granular debris within a hyalin - 
bed stroma; the stroma Is more resistant to heat and slowly destroyed. 
In the usual specimens the connective- tissue stroma Is seen as a fused 
translucent eosin-staining matrix of byalinixed material with partially 
destroyed nuclei scattered here and there. The blood vessels contain 
clots adhering to the heat-damaged wall. Coagulation may be obtained 
by a heavy uni terminal current of high amperage and applied for a 
considerable length of time, as compared to that necessary for desicca- 
tion. Usually, however, electrocoagulation is accomplished with a bl- 
terminal current generating high destructive temperatures, the tissues 
actually boiling in their own juices. This type of destruction is used 
for large tumors, whereas desiccation is sufficient for small, benign 
and malignant ones. 


Electrosukoical Cutting 

Elect rosurgl cal cutting currents were first experimented with by Lee 
dc Forest in 1908 and later by others, but without practical applica- 
tion until the thoroughgoing studies of George A. Wyeth, who has so 
aptly popularized this important surgical adjuvant. Tissues are easily 
and quickly severed by currents of higher frequency than that re- 
quired for desiccation or coagulation, for example, 1,500,000 to 
2,000,000 oscillations or more per second. For the smoothest cutting 
the oscillations should be as nearly equal as possible, notably, those 
from radio tubes which are undamped, that Is, of equally sustained 
oscillations, without rest periods between them. Currents from a 
spark-gap generator are damped; that is, the oscillations are in 
chains, each oscillation In the chain being consecutively shorter 
than the previous one until the zero line is reached with a rest period 
following, allowing the current to pile up on each side of the gap 
until sufficiently powerful to jump it, when oscillations again occur 
with similarly decreasing height. (Desiccation and coagulation cur- 
rents are usually of the damped variety.) Primary union following 
dcctrosurgical cutting demands less penetration than for coagulation 
or desiccation and is obtained by lower voltage and higher frequency. 
With a carefully balanced cutting current, Incisions are made with as 
little as one-tenth of a millimeter destruction of tissue at the skin edge 
(Ward, using Wyeth’s endotherm, where radio tubes are source of 
current). By increasing the strength of the current, any desired 
amount of penetration from this superficial effect up to that necessary 
to stop bleeding from small vessels Is obtainable, and with spark-gap 
generators on to flashing currents causing destruction to one or two 
millimeters on each ride of the incision. With such a current, of course, 
primary union Is usually impossible, these currents being for the re- 
moval of massive, ulcerating malignancy, where wound closure Is im- 
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tocks and the other to the active, surgical electrode, which In his prac- 
tice was a small disk. At present, most surgeons employ either a 
needle, a flat blade with or without a sharp cutting edge, a blunt rod, 
a small ball, a wire loop or other form of small Instrument, increas- 
ing the current density at the point of contact (Figs. 10,11). Electro- 
coagulation, as its name implies, results from the actual beat coagula- 
tion of the tissue-protein, which appears under the microscope as a 
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Robbins and Leabury describe the way to treat chancroids: a 25 
per cent solution of copper sulphate in distilled water is applied for a 
few minutes, after which the lesion is desiccated well beyond the dis- 
eased margin. A light antiseptic dressing is placed over the sore and 
in a few days the foul sloughing ulcer exhibits a healthy granulating 
surface. 

Pruritus vulvas, a most distressing and resistant disease, calls for a 
thorough search of the general physical condition and study of the 
blood chemistry to exclude constitutional causes. If none is found, 
dlectrosurgery comes to the relief of the suffering patient. The current 
strength and the method of application depend entirely upon the 
extent and depth of the disease. Superficial and less extensive involve- 
ment calls for the active, point electrode carrying a uni terminal cur- 
rent to be played over the surface until white desiccation appears. 
Moderately deep-seated diseases require that the needle touch or 
slightly penetrate the skin. The duration of application may be short- 
ened when desired by using a flat, disk-like active electrode, treating 
larger areas at a time. This instrument is placed In direct contact with 
the skin until blanching occurs and then moved to an adjacent area. 
The after-care is a daily application of an antiseptic salve, such as 1 
per cent yellow oxide of mercury or mercurochrome, until the desic- 
cated tissue comes away to be replaced by normal epithelium. 

In the more extensive cases, where the entire vulva and adjacent 
portions of the thigh or the perianal region are involved, more radical 
Procedures are necessary. The cutting current is efficadous in excising 
the disease, with a wide margin in normal tissue, the edges being 
brought together with suture for primary union, when a fine current is 
used- Stronger currents, advisable when ulceration is present sugges- 
tive of malignancy, prevent primary union, the wounds healing by 
granulation. The skin and subcutaneous fat are so redundant that 
contracture of large wounds is not disfiguring, the edges being gradu- 
ally pulled toward each other, limiting the amount of dcatrix which 
Is always soft following electrosurgery. Occasionally after extensive 
°Pcrations. skin graft Is necessary. 

Cyj/j 0 j Bartholin's glands call for removal of the entire wall, which 
ptior to the advent of electrosurgery meant resection, usually under a 
8®*™ anesthetir, and considerable hospitalization. Several years ago, 
i !Jr 07 ‘' w ^ e treating a case of ranula, hit upon the Idea of destroy- 
t fn fidng with a uni terminal current, allowing the walls 

0 all together and heal by granulation. Such a splendid result was 
r-Vtitted that cysts and epithellal-llned cavities In other parts of the 
II J “* Ve keen successfully attacked in the same way. Small Bartho- 
cysts are treated under local anesthetic in the office; larger 
ret l u i re general anesthetic and short hospitalization, 
a *trr) ^ 5mfl fi or krge* the technic is the same (Fig. 12), 

Tl* current opening the cyst and evacuating the contents, 

epithelial lining is then thoroughly destroyed by a strong deslc- 
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possible anyway. The sterile, dry coagulum, i to a mm, thick, pre- 
vent* reimplantation or dissemination of cells. 

In electrosurgical cutting a tiny arc should be maintained between 
the electrode and the tissues; pressure obliterating this arc dissemi- 
nates the current so rapidly that cutting is slow and with much de- 
struction. A new sense has to be learned by the surgeon— that of very 
delicate application of his electrode and rapid drawing of it over or 
through the tissues. 

Application or Electkosurgeey 

Vulva and Vagina. — Small benign timers are promptly destroyed 
by a desiccating current under local anesthesia. The mrthod of anes- 
thesia Is optional, and the needle electrode, carrying a current of 
proper strength for the sire of the tumor, Is first played around the 
edges to cut off any dissemination of cells, should there be suspicion 
of early malignant change. The rest of the tumor Is then dehydrated, 
curetted away with a small suitable curet and the base redesiccated 
to sufficient depth, destroying all ceils which may be growing out into 
normal tissue. 

A method of indirect application is sometimes employed where the 
patient grasps a large, tubular electrode or Ues on an “inactive” pad. 
The operator then touches the diseased area with a needle, the cur- 
rent passing through it and the operator, who acts as a condenser. 
Heat is developed within the lesion, where the current is concentrated 
as in the direct method, with the same destructive effect The de- 
hydrated tissue is then curetted away as before and the current re- 
applied If indicated. 

An antiseptic solution applied with a small cotton applicator insure* 
against subsequent infection of this now sterile scab. I prefer Scott's 
mercurochrorne,* Bohlman’s gentian t or 7 per cent iodine. 

For small lesions no dressing Is necessary. Larger or multiple ones 
require the usual surgical -wound care during the healing period, which 
lasts from ten days to three weeks, depending upon the extent. 

Sinclair Tousey describes painless removal of small skin tumors 
without anesthesia. Pedunculated ones are clamped at the base and 
the active electrode applied to the distal portion, the current ( uni- 
te nnlnal or bitermlnal) only traversing the insensitive growth. If the 
growth is flat, a curved pair of forceps (Tousey-BafBe) is so placed 
that the tumor rests between its jaws, the active electrode then being 
applied to the center. With a bitermlnal current, the forceps completes 
the circuit through the operator, who is, In turn, connected to the 
machine; if the current is uni terminal the forceps is grounded through 
the operator, 

* Scott 1 * mtuuiuchroroe: taerarroekiwi*, » Gm.; dtatOTtri wwtn, 35 cc; tkokol, 
55 cc.; *cKonc, 10 cc. 

t FloihMn 1 * gentian: ftntkn Yiokt, * Gm.; cBatHkd witcr, 35 cc.; 

55 cc.; acetooe, 10 cc. 
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dated with rapid healing where tissues are loose and freely movable. 
A thorough application of radium should be given first, then under 
general anesthesia the involved area removed with a wide margin of 
safety, using the strongest cutting current, and the base of the wound 
resterilized by coagulating to a depth of two or three millimeters, 
eradicating all outgrowing cells and those spilled during the operation. 
The coagulum is now painted with an antiseptic solution, such as 
previously mentioned, and the wound kept well protected with the 
proper dressings. The sterile coagulum comes away in from one to two 
weeks, allowing the development of rapidly growing granulations for 
epithelialization. By combining these two therapeutic agents, complete 
eradication of the disease is more certain, and, in addition, electro- 
surgical removal counteracts the sclerosing action of the radium on the 
vessels, permitting more rapid healing or earlier plastic repair and 
softer scars. 

Urethra. — Electrosurgery furnishes a quick, sure method of re- 
moval of the most painful urethral condition — caruncle. Except in 
highly nervous patients the operation is performed under local anes- 
thesia in the office. A one or two per cent procaine solution injected 
on all sides blocks the urethra. The smaller caruncles are simply desic- 
cated down to the urethral wall and allowed to slough away; larger 
are grasped with forceps and carefully resected with a fine cut- 
ting current. Frequently, redundant urethral mucosa, likewise eradi- 
cated by electrosurgery, is mistaken for caruncle. The redundant 
mucosa is dissected away under local anesthesia, or desiccated back to 
mwmal tissue. C orb us and O’Conor describe a method of utilizing a 
narrow, flat electrode, placed consecutively in four radial positions, 
destroying a small area of mucous membrane in each of the four 
T^adrants of the urethral orifice. As healing and shrinking take place 
the redundant mucosa is drawn into normal position. 

U ret krai polyps , usually small, are readily removed under local 
BMsthesia with a desiccating current, thoroughly dehydrating the 
polyp which sloughs away in a few days. Should the polyp be large or 
malignant, its base can be cut through with a cutting current, remov- 
es the tumor cn masse, and then the base coagulated. 

Following all of these urethral operations, healing takes place in 
irom ten days to two weeks, the patient experiencing very little pain 
except in the exceptional case. Local application of procaine or cocaine 
ointment wfU relieve all pain. Usually, however, postoperative treat- 
13 limited to ordinary cleansing measures. 

'Cervix . — Chronic endoccrdcitis is the most common disease which 
p*uronts the gynecologist. It is now recognized that the usual medical 
c ^ lcn d a d antiseptics, tampons, etc, is only palliative, ex- 
where the infection is superficial and has not penetrated to the 
Dase the glands. To cure the infection which over a long period of 
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eating or coagulating current, as the occasion demands, usually ap- 
plied on a blunt or ball electrode, complete and accurate penetration 
into every nook and crevice of the collapsed wall being Imperative. 
The cavity Is then painted with Bohlman's gentian, packed with iodo- 
form gauze and dry dressings applied. Daily application of the gentian 
and iodoform gauze is continued until the slough separates, the gentian 
then being discontinued, allowing healthy granulations to fill In and 
close the defect 
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In treating accessible maliptancy such excellent results are obtained 
by radium therapy that it must always be considered. Many malignant 
tumors of the vulva and vagina are completely eradicated in the 
earlier stages by the thorough application of radium. (See Sect III.) 
It is especially desirable in the treatment of vaginal malignancy, where 
exceptional improvement occurs, surgical resection even with high-fre- 
quency currents being technically difficult and fraught with marked 
distortion. Electrosurgical resection of tumors of the vulva is asso- 
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heals in another two or three weeks, during which time inspection 
should be made once or twice and also within the next month or two 
to watch for any possible constriction of the canal. Should any adhe- 
sions begin to develop, they are readily broken up by the insertion of 
a small instrument or a cotton applicator. 

Mortimer N. Hyams describes a clever method of “conization of 
the cervix” for destruction and removal of infected cervical tissue. 
After inserting the customary vaginal speculum with the patient in the 
dorsal position, and cleaning out any residual leukorrhea, the cervical 
canal is anesthetized by placing a small crystal of cocaine in it. An 
applicator saturated with 85 per cent cocaine solution is introduced 
and allowed to remain for five minutes, and an Inactive, wet metal 
electrode strapped on the abdomen, the patient being directed to make 



Fio. 13. — Hyam'i electrode for conization of cervix. 

'*h handle, illawtnc rotation of electrode without Interference from attached 

(h and c). Porcelain tipa with earl on* size* of wire arc*. 

I ). Loop for removln* bit* of infected tiwoe high up in canal 

ffrm compression on the pad with hands, assuring accurate contact 
distracting her attention from the operator. The active electrode 
a “ a fine tungsten wire stretched over a silicon tube one 
one- half inches long and properly attached at each end for the 
conduction of the current The silicon tube and tungsten wire are held 
long suitable handle haring a swivel joint for attachment of the 
Cor u from the generator. The tungsten wire describes an arc of about 
one-eighth inch at its widest portion, conforming to the nor mal con- 
of the cervical canal, which is fusiform, or spindle shaped. Sev- 
l r ” °f electrodes are available with varying widths of the arc, as 
M others for biopsy and destruction in difficult angles of the 
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time has burrowed deeply Into the racemose glands,, forming large 
cysts full of pus, and has extended high up to the internal os, no 
method of treatment short of some form of surgery is sufficient to 
eradicate thoroughly the disease in its deepest hiding places. Various 
scalpel operations have been devised which leave the cervix free o\ 
disease, but subsequent labors are complicated by the reduced cervix 
following amputation, allowing miscarriages, or by the dense scar tissue 
following other procedures, mating labor prolonged and difficult. Thor- 
ough destruction of the infected tissue, with either the actual cautery 
or electrosurgical current, clears the condition and leaves a soft, pli- 
able, normal-appearing cervix. Occasionally a thin diaphragm ob- 
structs the canal, requiring a dilatation in the office on one or two 
subsequent occasions. 

Less extensive involvement can be taken care of satisfactorily in the 
office, particularly If the patients are cooperative and will stand the 
moderate discomfort The inactive pad is strapped to the thigh or 
placed beneath the buttocks, and the vagina and cervix are painted 
with a local anesthetic, preferably 20 per cent procaine, as it Is safe 
from sequelae; with n nervous patient, a short nitrous oxide anesthesia 
is given. In all cautery or electrosurgical operations on the cervix, it 
Is well to protect the mucosa and vulva with game saturated with 
boric add or normal salt solution, thus preventing the steam or add 
smoke, in the case of cautery, from irritating the tissues. A long, thin, 
preferably needle- like or slightly flattened, electrode Is inserted into 
the canal up to the internal os, and the biterminal coagulation current 
turned on, destroying the tissues for tw o or three millimeters on all 
sides; deeper destruction Is obtained by longer exposures. Redial 
applications are made and nabothian cysts punctured, evacuated and 
sterilized. 

In dealing with extensive infection the technic is similar, crily 
carried deeper into the tissues, requiring anesthesia and hospitaliza- 
tion. The coagulated tissue comes away gradually, and usually the 
cervix is quite clean and granulating at the end of two weeks. It goes 
without saying that this coagulum, although sterilized by the current, 
will in a abort time contain large numbers of bacteria. It is important 
to keep down this secondary overgrowth and thus control the amount 
and odor of the leukorrhea by topical application of an ant isep tic 
solution, such as Scott’s mercurochrome or BoWman’s gentian, two or 
three times a week, together with alkaline or saline douches on alter- 
nate days. 

Electrocoagulation is more rapid and deeper than cauterization with 
the actual hot cautery, necessitating care against too much slough, 
a possible source of secondary hemorrhage. When I first began this 
work I witnessed two or three such hemorrhages due apparently to 
deep sloughing, but by carefully controlling the current this compli- 
cation has been overcome. 

After the sloughing is complete, in one to two weeks, the cervix 



Cervix 


m*pt*r M j 23 

short -drcuiting through the vaginal mucosa or vulva. The snare is 
snugly placed about the pedicle and gradually tightened through it as 
a strong cutting current is applied to the handle, sealing blood vessels 
and lymphatics as the polyp drops off. The base may then be more 
deeply coagulated If necessary by reapplying the current through a 
long straight or curved electrode. 

Robert Fowler has described a unique method of an indirect snare 
with the patient on an autocondensation pad attached to the uni- 
terminal Oudin circuit of the electrosurglcal generator; a snare Is 
placed about the pedicle in the usual manner, the current passing 
through the operator, who acts as a condenser. 

Submucous myomas which have descended through the cervical 
canal are readily attacked with an electrosurgical snare as just de- 
scribed. Should the pedicle be long, a strong cutting current is required 
on a cutting edge or narrow flat electrode to dissect into the uterine 
cavity, removing any lingering pieces. Not infrequently, submucous 
myomas do not present at the external os, being found on routine 
examination of the uterine cavity. Kelly has had several experiences of 
splitting the anterior lip of the cervix with a cutting current and resect- 
tag tl*M otherwise unapproachable tumors. ElectTosurgery greatly re- 
duces the amount of hemorrhage when these tumors because of their 
sire require piecemeal removal. 

The differential diagnosis of cervical ulcers, a constant and Im- 
portant problem, is greatly simplified by biopsy, now available as an 
office procedure, placing at the disposal of every gynecologist the 
diagnosis of cancer. It is a simple routine to take out a piece of 
suspicious tissue for microscopic examination, with a wire loop in a 
suitable handle as an active electrode carrying a strong cutting current. 
Tie edges of the specimen will be coagulated to a limited degree, the 
coffer furnishing enough unaltered tissue for adequate study. Any 
large vessel which may bleed Is easily controlled by the application of 
ffi*f°agulating current on a blunt electrode. 

f^trosnrgical treatment of carcinoma of the cervix Is only an 
adjuvant to irradiation and should never be relied upon as the only 
H^od of destruction of malignancy In this area. Radium is now well 
reco S Tl ired as the method par excellence for the treatment of malig- 
ranc y of the cervix. (See Section III.) However, electrosurgery acts 
aid In the removal of excessive growth, permitting the radium 
“PPffcation to outlying posts of the growth's advancement. In spite of 
rec ® at extensive public education regarding cancer, we are constantly 
^fronted with patients in advanced stages of the disease with com- 
Pkte destruction of the cervix, or with a great cauliflower mass filling 
^vagina. Here the cauliflower growth Is removed with an electro- 
nical loop or snare, or the cervix amputated flush with the vaginal 
vau lt- This is by no means a routine measure, as the smaller lesions 
116 read % treated by irradiation alone. 
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canal A proper cutting current with sufficient coagulation to control 
bleeding is necessary. 

The active electrode Is Inserted into the canal and the current turned 
on. As the wire cuts through the tissue the electrode Is rotated 
throughout an axis of 360 degrees, cutting out a cone of cervical 
mucosa and opening all infected glands for drainage. If necessary 
the instrument may be reintroduced, removing all diseased tissue. 
Any bleeding from large vessels is easily controlled by applying the 
coagulation current cm a blunt electrode. Infected nabothian cysts 
present beyond the area removed are punctured with a needle carry- 
ing a coagulating current This wells out the contents, sterilising the 
cavity and eradicating the Infection. 

A gray slough will be found filling the cervical canal about the end 
of the fourth day, and on the seventh day the canal is much smaller 
and granulating nicely. Between the second and third weeks the cervix 
Is almost normal with several amah, unhealed areas here and there. 
At the end of the fourth week healing is usually complete. Hyams 
advised against vaginal douches as unnecessary because of the small 
amount of aloughing and consequent Ieukorrheal discharge. He claims 
that conization is especially convenient for the treatment of ambula- 
tory patients, relieving symptoms by the removal of the Infected 
mucous membrane and opening of the glands, thereby facilitating 
drainage and reducing congestion deeper in the cervix. Since no 
muscular tissue Is removed, the cervix remains functionally normal 
and subsequent parturition Is unhampered. Diseased tissue Is removed 
to any desired depth by repeating the procedure as often as advisable. 

Electrosurgery is the method par excellence for removing papillomas 
of the cervix and pedunculated fibroids presenting at the os. Usually 
papillomas are sufficiently large to require a general anesthetic; occa- 
sionally small ones can be removed in the office either by electro- 
desiccation or electrocoagulation, or by cutting the pedicle with an 
dectrosurgical current For the larger ones the usual preparations are 
required as for any other vaginal or cervical operations. After adequate 
exposure, traction is made on the polyp and the pedicle then severed 
with a strong cutting current and its base coagulated, destroying any 
possible lingering cells, assuring against recurrence. Should the pedicle 
originate high in the canal or uterine cavity, the cervix is split ante- 
riorly (Kelly), using a fine cutting current, a strong one preventing 
primary union after closing the incision. With the canal laid widely 
open, tile pedicle Is outlined and cut across with a stronger current 

Another unique method of attacking cervical polyps Is with an 
electrosurgical snare, first described try WHliam L. Clark for the 
removal of bladder tumora through a suprapubic incision. Since then 
it has been employed for pedunculated tumors In almost every accessi- 
ble part of the body. An ordinary tonsil snare Is satisfactory, although 
special Instruments have been devised embracing the same general 
principles. The shank is insulated with rubber tubing, preventing 
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sarcoma of the uterus, located in the left broad ligament, displacing 
the uterus to the right and elongating the uterine cavity to twenty 
centimeters and bulging into the vagina, causing profuse and a l arming 
hemorrhage. Thinking the tumor a myoma, preparations were made 
fen vaginal removal. Incision in the vaginal vault exposed a highly 
vascular, soft, pliable and encapsulated sarcoma, from which hemor- 
rhage was so brisk, that operation had to be abandoned with the 
patient in a collapsed stage, but not before the mass had been exca- 
vated by a combination of electric scalloping and morecell emenL This 
then permitted application of radium up into the tumor, otherwise 
impossible. 


BIBLIOGRAPHY 


CamUU, Frederick B.: Endoeanldtla, 
u* prrri-ntitm and aarl j tMtimit by 
thf rtitrrr. J. lHaaOTri II. A, 23:3 42- 
(Jily ) 1020. 

Clai*. TTUOaa, L. ; Tk* dealecatloe treat- 

<X raefirDltal iqJ Dew iTOwthi of 
T, BTibnim, J-A.II.A_, 

#Xlt23-*29, 1014. 

J - P- Amte. El 3.1 
*Jr«ro4ken*lc art bod* Id tbe treatwmt 

Jlolftl end kl*olorlenl obaerratleaa, 
EadUIofr. 2:233-318 (April) 1M1. 
iT'. *?»*. Coa*u tattoo dtatbernr 

.. ?. rrV ~ lt1 *- urtn* » n»w electrode. with 
<* ,tM- "*Ut« fn 200 <w*ee, 
a^J. OWL k Oyaae, 18:72-60 (July) 


ujiiw-otowHTu rieerroaar- 
Z* 1 * maa-frequeney current*. J. 
X ) A**trmU*U. X : TO-103 

C . : Pkyalothempr. a 

“r**mrd aid tn obctrtrlca and ppnecol- 
“■ A ' M ,57 ' vv) 

C: Tb * treatMeut ef 

™.«4-t»l (Xoerabar ) 111 28. 
r , «W^!! r U?TL5l 1 Clla^l rnd-mmlte 
ta «?«wlo*rte roc- 
j-rr 4 a J- Ob-rt. k dyuee, IS : 221- 
tS 1028: alw>. Am lied, 

***- M (anx^MWr) lin. 
tr^lcP: Anrafcal dtatbenay tn tba 

y t*'! 1 J*. efcrnate cerrlrltK Uemphl* 
J.’* : 219 (hrtobw) 1 M 7 . 

•f SC: Cwumttlrf treatment 
»Kk eleetroeaajruta- 
(K r > IBM. M = 

' V— 'l' 3 m ? ■ Tt. (rntsnt Ot crrrlr.1 

< 3 n% SJC” 


Robb In a and Leatmry : J.A.M.A, 09 : 1X17, 
1017. 

Schreiner, D, I\ : II* d tun, x-ray* and 
elect rocoafulatloa In tbe treatment of 
epltke Uoraa of the Taira and riltorl*. 
Arch. Clin. Cancer Iteweareh, 1 : 43-80 
(April) 1023. 

Sloan, Baraael : Electro tkerapr In Orne- 
eoIocT, New Tort. Patl D. lloatwr, Inc, 
pp. 39 a 191B- 

Tot ' ey, Sinclair: _A Method of anr*Wl 


Ward. Grant H l EJeetrotkenalc lletkod* 
In Oynacokxcr. “The New Urnecolorj," 
by Howard A. Ktfly, New Tort and Lom- 
dofi, 1>. AppUtOO k Co, pp. 074-094, 10X6. 
; The \aloe of rVertmfbermlc meth- 
ods la the treatment of mail ana aer. 
J A.1I..L, 84 : 060-0*8 (I>braary 28) 

1023. 

— : Tha rvld of LUrt Freoneney Cur- 
rent* In Abdominal and Petrie Bonrery, 
Lea la 1 Praetke of Barjrrry. na*rr«town. 
11 (L, TV. r Prior Ca.. Inc, VoL XI, 1CJ1. 

. : Eleetro«n rfVal p-nec«Io»leal of- 

flre procedoren. Am. J. txir*, 8 . 3T0-SS1 

(February) 10*0- 

White. C. C. HleetTo therapy tn noojrono- 

eoeeal cerrlettK BrtL 1L J, 1 1 103-104 
(Jaaoary 10) 1020. 


TVjetk, Georje A. : Endatbermy In tb* 
treatnent of aereaalble aeoplarik dl*- 
eaw-<, loa. Burr, 79:0 10 (Janaaryl 
1924 



94 rotj»t»r n 
^ Lvoi*** ii 


Application of Electrosurgery 

Intramural and subserous fibroids are also removed with a strong 
electrosurgical cutting current through an abdominal incision, bleed- 
ing being distinctly lessened, reducing the shock. In this manner 
operations for the removal of large myomas, otherwise impossible, save 
the uterus for normal function and often for subsequent pregnancy. 

Extensive transabdominal pelvic operations have been performed 
with the electrosurgical cutting current with the advantage of sealing 
over capillaries and lymphatics. Seven or eight years ago, when 
Howard A. Kelly first took op electrosurgery, it was my privilege to 
be his assistant at most operations. At that time be used a cutting 
current for practically every form of pelvic operation, hysterectomies, 
panhysterectomies, myomectomies, salpingectomies and oophorectom- 
ies, thi* extensive application being made in an effort to determine the 
value of the cutting current as an operating instrument in addition to 
its prior claim in the treatment of malignancy. It is fair to say that 
this is a safe and efficient method for these operations, but its advan- 
tages are limited. The small vessels in the bread ligament and ovarian 
regions can be clam ped and coagulated with safety, but the larger 
ones, particularly the uterine and ovarian, must be ligated as usual. 
It is a safe rule always to ligate any large vessel in the pelvis or 
abdomen when possible rather than rely upon coagulation alone. The 
cutting current in itself Is particularly advantageous in dissecting 
densely adherent areas. How frequently tubes, ovaries, myomas, etc, 
found attached to loops of bowel or other organs In the pelvis offer 
tedious and bloody problems for scalpel surgery, with severe shock 
to the patient In such, a carefully regulated cutting current readily 
severs the adherent organs with so little bleeding that at times there 
results a practically dry incision. Loops of bowel are thus quickly 
and easily dissected with less danger from the reformation of adhesions 
because of the protective coagulum remaining a few dayB before 
absorption. 

Densely adherent ovarian cysts, benign or malignant and considered 
inoperable with the scalpel, are extricated by the current with great 
facility, in most cases the entire cyst wall being dissected away. Where 
this is impossible, the actively growing cyst wall Is sliced off by the 
current, leaving the harmless outer portion attached to the Intestine 
or abdominal wall to be absorbed later. Occasionally, with malignant 
cysts, where even this procedure is impossible on account of extensive 
erosions of the adherent viscera, the lingering portions are exploded 
cut of existence by a strong coagulating current, leaving a perfectly 
sterile dry field. 

Robert Fowler reports successful electrosurgical vaginal hyster- 
ectomies and a cesarean section, mentioning the only serious complica- 
tion following electrosurgical abdominal hysterectomies of which I am 
aware, although I have never seen it His patient died of embolus, 
attributed to some electrical injury to a large pelvic vessel He riso 
describes a new way of approaching a huge, otherwise inoperable 
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mind at all times, particularly when a malignant cervix treated' and 
bealed by irradiation begins to ulcerate in a few months or even in 
two or three years. Biopsy readily distinguishes between a delayed 
radium “burn” and recurrent malignancy and is a diagnostic require- 
ment before subsequent radiation is carried out. 

So important is this that I dte a case: A white woman, Mrs. 
N. B. M., age forty-eight, had an abdominal panhysterectomy in June, 
iqjg, followed by a prophylactic radium treatment The patient was 
in excellent health until December, 1929, when on routine reexamina- 
tion a small ulceration was noted in the vaginal vault Another radium 
treatment was given without biopsy, and she continued well until 
three weeks before being referred to me in March, 1930. Within these 
three weeks a foul, watery vaginal discharge developed, associated with 
marked vesicle and rectal irritation, pain and bleeding. On examina- 
tion the whole vagina, which was rather small, was seen covered with 
typical grayish-white radium slough. Cystoscoplc examination revealed 
a large, reddened and irritated area on the trigone opposite the treat- 
ment site. Proctoscopy demonstrated a more marked reaction in the 
rectum at the level of the old cervix. A long period of severe pain 
and reaction followed, and subsequently a large rectovaginal fistula 
occurred which has only partially healed. The bladder is still a source 
of great distress, with repeated accumulation of urinary calculi over 
the sloughing ulcer, although there is no evidence of recurrence of the 
growth. It would appear that this stormy convalescence could have 
been avoided by biopsy of the recurrent ulcer, determining the need 
or lack of need of the last irradiation. Over-irradiation is easily possi- 
ble in the thin-walled vagina, especially after removal of the cervix, 
which acts as a filter when present- 
ly^ X'ray or heavy radium-pack treatments used for transpdvic 
irradiation are associated with a mild skin erythema beginning about 
* week after application and lasting a variable period, blondes being 
more sensitive than brunettes. This erythema gradually fades In the 
course of two or three weeks, and the skin takes on a bronaed appear- 
ance not unlike a sun or ultraviolet tan which remains for many months 
*uhout discomfort. 

There are two biologic changes following intra-uterine irradiation: 
fnfii en ^ ometr W mid (2) ovarian. Cloudy swelling and erythema, 
®nitratioii of leukocytes and phagocytes, fibroblastic organization, 
wmteratiog endarteritis and scarring — ail occur in the endometrium 
inn underlying muscles of the uterus. The obliterating endarteritis 
for the reduction in bleeding and partly for the amenorrhea, 
tiete may be some specific effect upon the uterine musculature, large 
r «dHy disappearing and the uterus returning to normal, 
ibe ovary presents a variety of structures, all of which are sensitive 
P ro P°rii°nate degrees to Irradiation with x-ray or radium. The ova 
epithelial follicles are more sensitive than the stroma. The sensi- 
ty of the follicles themselves depends upon their stage of develop- 
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SECTION III 

IRRADIATION THERAPY 


Physics 

As a detailed discussion of the physics of irradiation therapy is 
given elsewhere (see Desjardins and Bumam, Vol. Ill), attention 
here is focused upon the application of these therapeutic agents In 
gynecology. 

Biophysics 

Reference should be made to these chapters (see Desjardins and 
Bumam, VoL III) for study of the biophysical reactions of irradia- 
tion therapy, although it is important to rehearse some of the changes 
noted in treating gynecologic diseases. 

As the gamma rays of radium or x-ray enter living tissues, chemical 
processes are started which do not appear immediately but are evi- 
denced later by marked local changes in the diseased areas. The first 
noticeable alteration is an erythema resulting from dilatation ot the 
blood vessels. In ulcerative growths, say of the cervix, this erythema 
may appear In two or three days and r emain a varying length of me 
until the cervix is healed or until there is sufficient accumulation of 
fibrinous exudate on the surface to cover the underlying redness- 
Microscopically a cloudy swelling of the cells is seen within t y rcr ‘y'‘ 
four to forty-eight hours, the cytoplasm being distended and paie, 
the nuclei swollen and pyknotic, and in three or four days the en 
cell is undergoing rapid degeneration. The capillaries and blood vesa 
are enlarged and distended with blood, plasma has filtered ou 
the surrounding tissues, and leukocytes and phagocytes are abun 
in the perivascular structures. As the injured cells degenerate, 
phagocytes commence their work of clearing away the debris, in 
second and third weeks, fibroblasts and new blood vessels groy > 
organizing the tissue and producing a fibroblastic structure tna 
comes so very dense as to be characteristic of Irradiation aca 
This same fibrosis Involves the vessel walls, so that those w ™ , 
once dilated and engorged with blood immediately following the 
ment gradually return at first to normal size, their lumina then con- 
tinuing to become slowly and steadily closed by an obliterating en 
teritis. This process does not always cease with the scarring, hut may 
progress, depending upon the amount of treatment, to the exten 
obliteration of most of the vessels, with markedly rednc«i nourish- 
ment and subsequent breaking-down and ulceration at a P^ricyreni ^ 
from the time of application. This Is not common In gynecologic^ 
ditions unless heavy treatments are given, and then Is roost c 9® n “ n jJ 
seen in the thin-walled vagina. This possibility should be bom 
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mind nt all times, particularly when a malignant cervix treated - and 
healed by irradiation begins to ulcerate in a few months or even in 
two or three years. Biopsy readily distinguishes between a delayed 
radium <f burn” and recurrent malignancy and is a diagnostic require- 
ment before subsequent radiation is carried out. 

So important is this that I dte a case: A white woman, Mrs. 
N. B. M., age forty-eight, had an abdominal panhysterectomy in June, 
1929, followed by a prophylactic radium treatment The patient was 
in excellent health until December, 1929, when on routine reexamina- 
tion a s m all ulceration was noted in the vaginal vault Another radium 
treatment was given without biopsy, and she continued well until 
three weeks before being referred to me in March, 1930. Within these 
three weeks a foul, watery vaginal discharge developed, associated with 
marked vesicle and rectal irritation, pain and bleeding. On examina- 
tion the whole vagina, which was rather small, was seen covered with 
typical grayish-white radium slough. Cystoscopic examination revealed 
a large, reddened and irritated area on the trigone opposite the treat- 
ment rite. Proctoscopy demonstrated a more marked reaction in the 
rectum at the level of the old cervix. A long period of severe pain 
and reaction followed, and subsequently a large rectovaginal fistula 
occurred which has only partially healed. The bladder is still a source 
of great distress, with repeated accumulation of urinary calculi over 
the sloughing ulcer, although there is no evidence of recurrence of the 
growth. It would appear that this stormy convalescence could have 
been avoided by biopsy of the recurrent ulcer, determining the need 
or lack of need of the last irradiation. Over-irradiation is easily possi- 
ble In the thin-walled vagina, especially after removal of the cervix, 
winch acts as a filter when present. 

• ^ < 5P. x * ra y or heavy radium-pack, treatments used for trans pelvic 
irradiation are associated with a mild skin erythema beg i n ni n g about 
a week after application and lasting a variable period, blondes being 
morc sensitive than brunettes. This erythema gradually fades in the 
course of two or three weeks, and the skin takes on a bronzed appear- 
ance not unlike a sun or ultraviolet tan which remains for many months 
mahout discomfort. 

There are two biologic changes following intra-uterine Irradiation: 
D) endometrial and (2) ovarian. Cloudy swelling and erythema, 
^nitration of leukocytes and phagocytes, fibroblastic organization, 
obliterating endarteritis and scarring — all occur in the endometrium 
*nd underlying muscles of the uterus. The obliterating endarteritis 
f or the reduction In bleeding and partly for the amenorrhea. 

here may be some specific effect upon the uterine musculature, large 
W) r«ds readily disappearing and the uterus returning to normal. 

he ovary presents a variety of structures, all of which are sensitive 
a _P r ®P°r^ on ate degrees to Irradiation with x-ray or radium. The ova 
thih . tTf* follicles are more sensitive than the stroma. The sensi- 
of the follicles themselves depends upon their stage of develop- 
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menf, the mature one* showing most marked changes. The number 
and degree of follicles destroyed vary with the dose, and the steps in 
their reaction to the irradiation are comparable to spontaneous, physio- 
logic atresia. With the death of the follicles, sterility naturally occurs 
and may or may not be permanent according to the severity of the 
treatment. The interstitial cells are not directly Influenced by irradia- 
tion but gradually and slowly disappear, probably due to the destruc- 
tion and eradication of the follicles, preventing the interstitial cells 
from bdng renewed. 

Radiation Sickness 

Radiation sickness Is a term describing certain symptoms arising 
as a sequel to radium or x-ray treatments. In gynecology this most 
commonly follow* deep-therapy treatments with x-ray or radium 
packs, to a lesser degree after Intra-uterine and cervical irradiation, 
more marked when such treatments are given under general anesthesia, 
which causes part of the symptoms. 

The symptoms vary in intensity, depending upon the amount and 
duration of treatment and sensitivity of the patient, passing off in a 
few hours or lasting a day or more. Usually there is only anorexia 
and nausea, in others nausea and vomiting which, in severe reactions, 
may continue for twenty-four or forty-eight hours and occasionally 
longer. 

These symptoms are more pronounced when irradiating the abdo- 
men, particularly the stomach and liver, although they have been 
known to occur following Intensive irradiation of other parts of the 
body, the generally accepted view of the cause being that certain 
toxic products of cellular destruction are liberated Into the blood 
stream and act as poisons. Irradiation of the intestines, containing 
a large amount of semi digested or residual organic matter, naturally 
gives more marked symptoms because of the larger quantity of toxic 
products liberated in the bowel and later absorbed into the blood 
stream. 

Treatment of this uncomfortable complication Is at best unsatis- 
factory, as no specific Is available. The preparation of the patient be- 
fore irradiation is an important aid in limiting the symptoms. The 
bowels are thoroughly cleared of fecal matter, a source of secondary 
radiations, with either a laxative the night before, or an enema the 
morning of, the treatment Fasting for several hours Is also of benefit 
in lessening the nausea. Elimination of foods for several hours after- 
ward usually reduces the amount of vomiting, although most patients 
do not want food for some hours or perhaps a day if the symptoms 
are at all marked. A roost important factor contributing to irradiation 
sickness is the overcrowding of treatment; long, heavy, deep-therapy 
trea tm ents through the pelvis, whether with radium or x-ray, tend to 
cause more sickness than broken doses allowing the patient to react 
from one treatment before another Is administered. Drugs giving the 



roost benefit are rathet simple remedies: Alkalinlzation with bicar- 
bonate of soda or other medicaments during the day prior to the treat- 
ment may be of benefit; citrous fruit juices and crushed ice some- 
times relieve the nausea. Fifteen or twenty drops of compound tincture 
of cardamom and fifteen or twenty drops of compound tincture of 
hyoscyamus with twenty grains of bicarbonate of soda, given three 
times a day, often allay the vomiting. Fortunately, irradiation sick- 
ness gradually passes away and rarely causes any serious complica- 
tions, although frequently distressing to the patient. 

Artificial Menopause 

Cessation of the menstrual cycle following irradiation of the pelvic 
organs is a common and often desired sequela, permanent or tem- 
porary, according to the strength and type of treatment. It is always 
permanent following Irradiation of carcinoma of the cervix and body 
of the uterus. Irradiation for benign bleeding, particularly in young 
people (under thirty-five), can be so carefully regulated that the 
artificial amenorrhea can be made to vary from six months to two 
years. This is not uncommon even with large fibroids, for, as the 
tumors disappear and the uterus returns to normal, the ovaries again 
begin to function and the menstrual cycle returns. An interesting case 
has been reported by Curtis F. Bumam (personal communication) 
of a woman who married rather late in Hfe, then was irradiated for 
fibroid with cessation of the menstrual periods for about a year. 
Following this, she became pregnant and gave birth to a perfectly 
normal child. 

Transpelvic irradiation with high-powered x-ray or radium packs in 
proper doses causes artificial menopause. Mild irradiation (one-third 
to two-thirds sterilizing dose), particularly in women under tvrenty- 
. ® r thirty, will sometimes control an abnormal menstrual flow 
without complete cessation, the ovarian functions apparently being only 
Partially influenced. If the full amount of transpelvic irradiation per- 
mitted by the skin (erythema dose) is given, the menstrual cycles 
are almost certain to be completely checked, particularly in women 
°ror forty, variations within certain limits proving the rule. 

Irradiation Technic 

Complete discussion of the technical problems of irradiation treat- 
imrwl k* * oun d In Volume III (DesJardins and Burnatn), but it is 
important to describe briefly the technic as applied to gynecologic 
***** M «ch is discussed. 

rtemal radium treatments by the pack method are administered 
Wa >^- Tbe early technic employed an open pack of felt, balsa 
ct b cr light substance to maintain the exact distance between 
radium and the skin. On the top of this pack was a small metal 



30 S Irradiation Therapy 

box, usually ion mm, of lead, in which the radium or radon tubes, 
as the case might be, were held. The use of platinum-filtered tubes 
necessitates another filter of aluminum foil to filter out the secondary 
platinum rays, and ametal rubber for the secondary aluminum rays, 
the rubber not being so important with large packs of considerable 
thickness of felt- or wood through which the rays travel. 

The newer method utilfres a large lead cylinder or bomb carrying 
the radium In such a maimer that the rays reach the patient through 
an opening on one side or one end, the scattered rays being absorbed 
by the lead wall of the container. So far as I am able to ascertain, this 
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to radium. B, lead filter (1) midway b et w ten radium and patient, C, land filter not 
*kln. D nhutnte* ray* absorbed by cySodcr wrnDa, odr those destined to reach to*® 
bdni nnobrtnKted ; (f) r cprejm U one Inch of bad in com of radium carpe r u ) 
affordfnf protection of trane 1 * hand during Inaerthwi or removal from cyfinder. E, toPjdj 
todfnal sectional view of cylinder cootalntnj radium curto, the latter betel 
with h a n dl e facTBtattet mini pula tfon. The iencth of the handle and carder totether 
conetpoiub to ienfth of mrUnder. A aca> b so arranged on handle that as carrier b 
moved in cyilntkr the number of indie* read at dW* 1 end tndkata tfirtance of fihraUon. 


type of apparatus was first used by Stenstrom at the State Cancer 
Hospital in Buffalo. He arranged a mechanical device to rotate the 
charge of radium tubes of unequal strength within the cylinder In 
order to make the beam of rays that reached the patient as nearly uni- 
form as possible. The author, independently of Stenstrom’s work, de- 
signed a lead cylinder (Figs, 14 and 16-19) with a two-inch aperture 
and a letjd will of one-inch thickness. This apparatus was put Into use 
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at the Howard A. Kelly Hospital in the early part of 1923. This 
cylinder weighs twenty-five pounds and Is carried by a car running 
on a crane travelling on an overhead track (Fig. 15). Patients are 
placed on the Bumam treatment table (Fig. 20) with lead protection 
beneath, preventing Irradiation of any patient or hospital workers in 
the room below. A few years ago the Memorial Hospital In New York 
City made a much larger radium bomb to carry permanently several 
grams of element Such apparatus assures accurate application without 
Injury to the' surrounding parts and without unnecessary general body 
irradiation from the scattered rays which occur with the open package. 



Fm. 16. — A, “square cylinder." The adrantagr here b that In treating adjacent area* 
Kjnare portal* leave no portion of tumor* oar* dialed: (t) bole* for u ramhr rew* 
whkfa hold cyfinder In suspension apparatus. B, a cylinder with proximal end cut to fit 
curved aurlace of skull, toed In treating an Inoperable brain tumor from fire angle* 
wfthoct overiappin*. C, aluminum filter cap curved to fit cylinder B. D, art of treat' 
ment rings shown In car to cany them running on track of portable suspaokn table 
»bown in Fla. 19; (r) lead rings; (f) tinges to fit tracks; ()) thumbscrew which tigbl®* 
a aat nrt track and aenc* a* brat* on the car; (k) thumbaorw ad Justine anfle of me 
■nd rink* with skin. E, i-tnch cylinder with adjuring apparatus a* used with portable 
rapension table shown in Fla. 19. In figure a looger cylinder <b) with a i-lnch portal 
projects from i-lnch portal of larger and shorter cylinder, and b used In treating aiandi 
and smaller turn on; (a) wall of i-tnch cyfinder of 1 inch of lead; (c) 

brasa refafoedng lead; (f and g) thumbscrews for wi lusting cyfinder to any angle with 
the akin; (o) car toe portable suspension tail* wen fa Fig. 19; (d and «> wbg acts 
for adjusting height of cylinder. 


In gynecologic procedures such instruments are especially valuable, 
particularly in treating diseases of the vulva, where the thighs must 
be carefully protected against scattered radiation when the pack Is 
placed between them. Cross firing upon a tumor is possible without 
overlapping on the skin, otherwise often a source of severe superficial 
burns. This cross firing through several por tals around the pelvis 
multiplies the number of ravs actually reaching the disease in direct 
proportion to the number 01 exposures. 
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F». 17.— A, radium carrier for two-inch cylinder; B, for one Inch cylinder; C, 
cyfiodtr;” 0 ) one inch of lead in cover of carrier (in Kjoare carrier C it b 
in thlcknm) ; (r) radium container of bard rubber rettalorced with braw 
* On bottom to that filtration is only through a thin layer of rubber) ; (1) bra*» 
> anaufed that movement* of crowbar of handle upward forte them «*lmt 
rr wall of cylinder, thui firing carrier at dalrtd point. In C, iprfnf of handle 
0 forta ituba agahat cyDnder wall; (1) wale In incho Indicating dbtance ol 
itom mocth of cylinder; D, aluminum filter cap for two-inch cylinder. Thb 
wy ortr proximal end of cytoder and b held in place by bran Hxingi (b) at 



■tea in ^ ^ ,D d C, radium carrier* for ooe-lnch arid two-bich cylinder* raptctlvtiy, 
*cnn» * 7 *. (t) for radium tuba; (>, I and r) a* in Ffcure 17 : A, carrier for 

Ui*- tvLT* t ' <>pct] 10 *bow plain braw bo* (r) without leparate hole* for each 
*** b uied when radhnn tuba vary in *be- 
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VoL m) or radium element needles made out of an alloy of platinum 
and iridium. 

Flat vulval or va gi nal growths are best treated by plaques fitted to 
the sire and shape, with protection of the surrounding normal struc- 
tures. During application to a malignancy on one labium, the other is 
protected with lead, or the cylinder just mentioned may be pulled 
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Fn. u. — Amettl rubber cervical, uterine and vaginal appfleaton. 

charge placed in bellow cron tube to be laid directly against cervix 
R “fcfc of P«*ry "C." 

C pr_ ,OT ta * crt f° T ' UUo uterine or cervical anal*. 

™J*0~- r nadc In varioui lixei to fit around tbe cervix Radium beneath filtm on 
D uiL'n t,n * t >ro " d ligament*; filtm hold vaginal with away. 

‘ Lf ** l t> -beq applicator for bolding radiam beneath base* of broad l lgamra !*, when 
do not fit cerrie. 

down tightly against the involved one, and the radium placed as dose 
V C 2 5 *f y l ° c * e9 * rft * dose, 

m i Meatmen ts require a great deal of care on account of the 
ndty of the bladder and rectum and the thinness of the vaginal 
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wall, the entire thickness of which may be burned through without 
difficulty. The maximum dose against a vaginal-wall tumor should be 
about 1,000 mg. hr. per 2 s-q. In. when the filter is 2 mm. of brass. 
One millimeter of platinum allows an increase of 30 per cent, as there 
are fewer soft gamma rays. The gauze plaque (Fig. 22) has varying 
numbers of little pockets in which the tubes are separately secured. 
Such plaques are also used In treating the cervix. Within the last year 



Fio. jj. — Cervical jiuze pfaque*. 

E Round pbqoc with tram bet of pockrti varied to writ of lcivIc 
F. Meier** tame applicator After fiUmt podurti with radium tube*, ptme rtrlap *« 
paQed tiehtir, maltnn a cir cul ar plaque. 

(E and F developed *t Howard A. ReDy Hospital.) 

and a half I have been using radium element in tubes of platinum and 
iridium of 1 mm. wall thickness. This filters out all the beta and tbe 
softer gamma rays, but gives rise to harder secondary rays from the 
action of the gamma rays of radium on the platinum. To filter out 
these secondary beta rays' tbe tube Is surrounded by a thin film of 
aluminum foil and *’ * * \ and intracervical treatments 

is placed in ary ■ of 2 mm. thickness. A metal rubber 
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pesaries and dumb-bell applicators (Fig. 21) hold a tube on each 
skle of the cervix, radiating the broad-ligament region. I have not 
found this method as satisfactory as placing the individual tubes or 
plaques against the cervix, as each case presents individual prob- 
lems and the pessaries are not pliable enough to meet all the demands. 

Heymann, of the Radiumhemmet in Stockholm, has various sizes 
and shapes of silver boxes of 2 mm. of lead (Figs. 25-28). By 
carefully adjusting these to the cervix or vaginal ■wall, he is able 
because of their heavy filtration to give a much higher dosage than is 



Fic. 13. — Intrmtumoral equipment. 

O. Loo*. hoOow tm planter with obturator for lmertlo* radhnn element oerdkt. 
1 a< t Inm elratDt needle. 

L JjUdhnn. element needle peojeetln* from end of fanplanter. 
r Implajiter with iced pro)ectin* from end. 

t £ u ™' iTn -roTered radon wed. 

■T.’ Implmter with obturator, 

t- rorctj* for ln«Hing Imp Unter. 


In this country. Cross firing may be added to this local 
Pphcatlon by placing tubes in the uterine cavity. Inasmuch as radium 
travel in all directions from the tubes, any placed in the vagina 
fn fu t0 rQ( ^ ate into broad-ligament region, the same being 
boih fJj' P^ced up In the uterine cavity, so that radiation from 
j_. increases that delivered into the broad ligament, adding 
obstruction to any migrating cells. 


38 [££*££ ” Irradiation Therapy 

Intra-uterine irradiation oi menstrual disturbances, fibroids and 
malignancy is the most direct method and therefore usually most 
effective. Brass-filtered radium tubes (a to 3 mm thickness) are 
placed in a container on the end of a uterine sound and dipped In wax 
to absorb the secondary rays from the brass. Platinum tubes require 
the special filters previously described, filtering out the secondary 
platinum rays with aluminum foil Rnd 2 -mm. ametal rubber cots 
securely tied at the end. Intra -uterine applicators require thorough 



F». «4- — airtbod of protects* recttrm *fter Ln*ertlac rscflmn pib<» tnlo cerrti, 
k*d flltfr protcctfo* red tun ; v**lna puled with g*aie. 


sterilixation either by chemicals or by boiling. The ordinary P r ^ u ’ 
dons taken for dilatation and currettage are necessary for intra -uterine 
irradiation of benign conditions, and rarely is there any complicating 
Infection. However, in using the uterus as a focus from which to cross 
fire upon the broad ligaments in treating a carcinoma of the cervix, 
special care must be exercised in cleansing the cervix so as to avoid 
carrying the ever-present infection associated with the 
cervix up into the uterine cavity. I have had one or two severe pdvic 
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inflammations follow such an application. In Europe this is the regular 
procedure and apparently without serious results. 

Asherson reports three cases of cancer of the cervix treated by the 
transperitoneal route In addition to local application to the cervix. 
Four tubes, each containing io mg. of radium sulphate and screened 
with 0.3 mm. of platinum, were Imbedded around the growth in the 
base of the broad ligament and in one case in the left ureterosacral 
fold. He feels that this adds materially to the amount of radiation 
poured Into the cervix, but the technic has not been universally adopted 
and it is not without dangers. 

Application of Iseadiation 


Vulva. — Treatment of vulval diseases calls for careful protection 
of the thighs, as already outlined, and a dose carefully calculated for 
each lesion, guarding against possible burning. 



Fu. 17- — Celluloid sledges for hoVUnj cyRodcr* or apatites tn place within *■ 
cntei-oca eervtx, keeping the ra di u m far out toward tb* ridn nearer the hn»d Hf»- 
ments. The narrow area of anterior and posterior wall of the crater from 4 nua- to 
11 mm . tn width, dependtnc upon wWth of iledgr, re ma ins tmcuYtred by rarflum, tart 
recclTri practically aa powerful a radiation from cross firing from tb* two rides. There 
h tb* added advantage of wrroewhat rcchrd m what would otherwise be an added brtrn- 
sMy of rarfiatloos at thoa* spots (ractum and btatkfcr) where, according to nprrlenco, 
injuries most frequently arise. 
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Pruritus vulvae, a distressing malady, is markedly relieved by the 
local application of radium close to, but not on, the skin. The dose 
usually varies from 300 to 400 mg. hr. at 3 - 4 -inch distance over an area 
about two inches square. Should the disease extend posteriorly about 
the anus, an additional area Is necessary, the same dose being given 
over each. One treatment usually stops the itching and improves the 
condition In the ordinary cases, but involvement of the deeper skin 
layers requires a repetition In four to six weeks, depending upon the 
result of the first application. 




warts are commonly multiple and extensive. The smaller 
T* 5 arc frequently eradicated with electrodesiccation; the extensive 
oftentimes demand electrosurgical excision. (See Section II.) 
l um and x-ray, however, are exceedingly Important adjuncts either 
.conjunction with electrosurgery or as the sole therapeutic agent. 
^ * re attnent here is somewhat heavier than that necessary for 
vulvae, running up from 500 to 600 mg. hr. at /i inch from 
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the skin, repeated In four or five weeks, if necessary. Occasionally a 
third or fourth application will be required completely to eradicate 
the disease. By this careful broken-dose method, reactions are avoided 
and the warts gradually melt away, leaving a heal thy-loo king, normal, 
soft skin. 

Carcinoma and sarcoma of the vulva are treated with irradiation 
therapy, frequently In combination with electrosurgery, particularly in 
the resistant and extensive cases. The abundant loose akin about the 
vulva permits easy electrosurgical excision following Irradiation, assur- 
ing quicker and less painful healing and a softer scar. Here, the Irradia- 
tion dose must be heavier than that for the benign condition in order 
to affect the more resistant mali gnant cells. Usually 1,000 to 1,500 
mg. hr. are given at -inch distance over two square inches of area, 
deeper involvement requiring Implantation of radium element needles 
or radon seeds. Heavy irradiation reaction is not so much feared when 
the tumor Is to be taken out eledrosurgically after irradiation, as the 
removal obliterates the slow, painful healing. A combination of 
therapy Is, as a rule, more efficacious, as an increased radium dose 
is possible, and two therapeutic agents are used in place of one. The 
lymph-gland-bearing areas are given a prophylactic erythema dose 
with x-ray or radium pack, ami any large demonstrable metastasis im- 
planted with radon seeds or radium element needles. Post-Irradiation 
care consists of cl eansing the part regularly and the application of a 
mild ointment for protection and keeping the parts soft. 

Vagina , — Benign polyps of the vagina are uncommon and reacffly 
removed with electrosurgery, as already outlined. 

Carcinoma of the vagina offers an insurmountable task from any 
surgical standpoint; however, as a rale, the condition Is sensitive to 
irradiation, which gives five-year clinical results and splendid pallia- 
tion in the more extensive cases. In txa vaginal Irradiation Is coupled 
with accurate tnmspelvic treatment with radium packs or x-ray cover- 
ing all of the gland-bearing areas. During the local application, the 
highl y sensitive rectum and less sensitive bladder are carefully pro- 
tected by packing off with gauze or covering the applicator with 
filters of yi or J4 inch of lead wrapped In aluminum foil to absorb 
the secondary lead beta rays. These organs are easily damaged, with 
liability of fistulas making the patient exceptionally uncomfortable, 
complications which are practically always avoided by carefully apply- 
ing the radium, accurately calcu latin g the dose and then packing the 
vagina, keeping the treatment away from all the normal tissue. When 
the disease is located near the outlet, It is best first to pack the 
gauze above, then apply the radium and fill the remaining cavity with 
gauze to hold the radium in place. Sometimes, particularly In the small 
vagina commonly found in the elderly patient as a result of senile 
changes, small lead filters are of special protective value. Implantation 
In vaginal cancer is dangerous, as the thin vaginal wall allows easy 
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injury to surrounding organs, and It is rarely necessary on account 
of the relative superficialness of the growth itself yielding readily to 
direct applications. As the radium is laid directly against the growth, 
the determination of the dose and filtration is important I prefer 
heavy filtration of i or 2 mm. of platinum or lead and aluminum foil 
and 2 mm. of rubber, filtering out all the soft rays, allowing only 
the hardest penetrating gamma rays to reach the growth. One thousand 
milligram hours distributed over two square inches of growth have 
in my experience given the best results. Where the disease has ex- 
tended on two or more sides in the vaginal cavity, the pack must be 
moved from time to time, to cover the entire involvement. I usually 
use a small amount, say 75 to 100 mg. for from 10 to 15 hr., varying 
the dose as necessary. 

Cervix . — Benign cervical diseases offer much for irradiation therapy. 
Various reports have been made of the advantage of radium treat- 
ments in endocervicitis, an Inflammatory condition which, as a rule, 
Is best handled by cauterization or electrocoagulation. (See Section 
IL) The same may be said of benign polyps, easily removed with the 
cautery or high-frecjuency current, in which, should any malignancy 
be found, the base is thoroughly destroyed and adequate irradiation 
given as a prophylactic measure. 

Cervical malignancy is one of the most fertile gynecologic fields for 
Irradiation therapy because of the ease of approach and concentration 
of dose, and sensitivity of the cancer, usually predicted by the micro- 
scopic picture. Biopsy is a routine confirming the diagnosis and aiding 
the prognosis. Martzloff, Broders and others have shown that basal- 
cell tumors (which are less differentiated) are the most sensitive to 
Irradiation, while squamous-cell, or the more highly differentiated type, 
are less sensitive in direct proportion to the amount of keratinizatlon 
observed microscopically, for, the nearer the cells are to the adult 
squamous type, the less response Is there to the rays. Adenocarcinoma 
is stUl more resistant. The microscopic picture, then, is of great help 
in prognosticating any individual case, but not always the sole factor, 
as there is a great difference in the individual variation within any 
one particular type. 

Statistics show that in the early so-called operable cancers, as high 
a percentage of five-year results is obtained by Irradiation as with any 
operative procedure. This Is without a primary mortality, so that in 
^jflhy the odds are in favor of irradiation therapy. In spite of the 
efficient cancer propaganda for the last ten or fifteen years, we still see 
j^large number of cases, 70 per cent in my series, coming in the 
borderline 0 f inoperable cases, either because of the late development 
°[ *ymptoms, the patient’s own fear of cancer and therefore neglect 
01 Investigation, or because of the physician's Ignorance as to the 
fl™per diagnosis. Surgery offers nothing in this group. The author, re- 
231 cases occurring during 1921 and 1922 at the Howard A. 
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the s k i p , repeated In four or five weeks, if necessary. Occasionally a 
third or fourth application will be required completely to eradicate 
the disease. By this careful broken-dose method, reactions are avoided 
and the warts gradually melt away, leaving a healthy-looking, normal, 
soft skin. 

Carcinoma and sarcoma of the vulva are treated with Irradiation 
therapy, frequently in combination with electrosurgery, particularly In 
the resistant and extensive cases. The abundant loose skin about the 
vulva permits easy electrosurgical excision following irradiation, assur- 
ing quicker and less painful healing and a softer scar. Here, the irradia- 
tion dose must be heavier than that for the benign condition in order 
to affect the more resistant malignant cells. Usually 1,000 to 1,500 
mg. hr. are given at J^-inch distance over two square Inches of area, 
deeper involvement requiring Implantation of radium element needles 
err radon seeds. Heavy irradiation reaction is not so much feared when 
the tumor is to be taken out electrosurgically after irradiation, as the 
removal obliterates the slow, painful healing. A combination of 
therapy Is, as u rule, more efficacious, as an Increased radium dose 
Is possible, and two therapeutic agents are used in place of one. The 
lymph-gland-bearing areas are given a prophylactic erythema dose 
with x-ray or radium pack, and any large demonstrable metastasis Im- 
planted with radon seeds or radium element needles. Post-irradiation 
care consists of cleansing the part regularly and the application of a 
mild ointment for protection and keeping the parts soft 

Vagina . — Benign polyps of the vagina are uncommon and readily 
removed with electrosurgery, as already outlined. 

Carcinoma of the vagina offers an insurmountable task from any 
surgical standpoint; however, as a rule, the condition Is sensitive to 
Irradiation, wnich gives five-year clinical results and splendid pallia- 
tion in the more extensive cases. In tra vaginal irradiation is coupled 
with accurate transpelvic treatment with radium packs or x-ray cover- 
ing all of the gland-bearing areas. During the local application, the 
highly sensitive rectum and less sensitive bladder are carefully pro- 
tected by packing off with gauze or covering the applicator with 
filters of or 5^ inch of lead wrapped in aluminum foil to absorb 
the secondary lead beta rays. These organs are easily damaged, with 
liability of fistulas making the patient exceptionally uncomfortable, 
complications which are practically always avoided by carefully apply- 
ing the radium, accurately calc ulatin g the dose and then packing the 
vagina, keeping the treatment away from all the normal tissue. When 
the disease is located near the outlet, it is best first to pack the 
gauze above, then apply the radium and fill the remaining cavity with 
gauze to hold the radium in place. Sometimes, particularly In the small 
vagina commonly found In the elderly patient as a result of senile 
changes, small lead filters are of special protective value. Implantation 
In vaginal cancer is dangerous, as the thin vaginal wall allows eesy 
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Clinic and others, maintaining that small amounts of radium given 
over a period of a day or two and repeated once a week for three 
weeks are more efficacious. I have found that the latter method gives 
the best result and have adopted the plan of breaking up the calculated 
total dose into three smaller ones given one or two weeks apart. In 
support of this theory, its advocates maintain that inasmuch as cells 
are vulnerable during mitosis, more are affected by exposure to a small 
amount of radium over a long period, and repetition of the dose on 
two or three successive occasions destroys a still larger number. 

Following the first treatment, there is a period of erythema, after 
which the cervix gradually shrinks and whitens, being covered with 
a grayish “radium slough.” Bleeding soon stops, and the discharge 
lessens In proportion to the amount of the cervical contraction 
and healing. In from six to eight weeks the cervix is entirely healed 
and replaced by a firm cicatrix. This Is quite uniformly the case, 
even when broad ligament and perime trial invasion has been noted 
at the first examination. 

After four to six weeks from the first treatment, it Is safe to cross 
fire through the pelvis with radium plaques or x-ray; the full 
erythema dose is given through each of several portals, two being 
most commonly chosen, one over each broad ligament, with careful 
protection from overlapping on the skim A third portal may be chosen 
through the sacrum, if indicated by much extension into the posterior 
pelvis. 

Recurrences are treated as they develop. The reappearance of local 
disease is combated by applications similar to the first, the dose usually 
being one-half to two-thirds that originally given. Lateral extension in 
the broad ligaments in the form of a sclerotic mass, or growth pos- 
teriorly as a fan-shaped diaphragm on each side and encircling the 
return, is best treated by cross firing through the pelvis, as previously 
outlined. Larger massive recurrences are implanted, after thoroughly 
sterilizing the vagina, with radon seeds when available, as they can be 
*ritln place, although removable radium element needles are just as 
rincadous. On the basis of one mil li curie of radon permanently Im- 
Phuited giving 133 mil ii curie hours of treatment, the dose is varied 
500 to 1,200 mg. hr., depending upon the size of the mass. With 
ri * um dement needles, the dose is the same and calculated on a time 
Bram basis as in any other local application. 

complications which may arise following irradiation of car- 
°/ tbe cervix depend upon the extent of the disease at first 
^^mnation and the skill with which the application is made and dose 
B,ac ^ er or rectal fistulas are rare when careful precautions 
or 0Ilt * P rov ided the growth did not involve the anterior 

erior vaginal walls to any marked degree before treatment was 
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Kelly Hospital, showed that even in this surgically helpless group, 38 
per cent of the focal lesions were healed and 44 markedly improved, 
with a clinical four-year arrest of 15 per cent One year later, which 
brought these statistics up to the five-year period, there were 10 per 
cent clinically well and without demonstrable disease. 

Early cases, presenting as small ulcers on the cervix or limited 
involvement in the canal, are treated without preliminary cauterization. 
In the more advanced, removal of a portion of the cervix with the 
cautery or by electrosurgery allows the application at the outlying 
portions of the growth where activity is greatest and the treatment is 
concentrated. This combination Is of special value in treating massive 
cauliflower growths which fill the vagina. The cervix Is amputated with 
a strong cutting current and the base sealed with a strong coagulating 
current Where this amputation is impossible or difficult, the growth 
can be removed with an electrosurgical loop back to firm tissue. 

The application of the radium is made in one of several ways, 
depending upon the case at hand. The canal is filled with an ametal 
rubber cot containing platinum-filtered (1 to 3 mm.) radium sur- 
rounded by aluminum foil. A plaque similarly filtered Is then placed 
over the cervix and held in position with suitable vaginal packing. 
Ametal rubber pessaries or dumb-bell applicators, with extra thick 
rubber filters around the tubes to keep them away from the vagina, 
guarding against burning, may be used to hold rubber tubes out under 
the broad ligament I have found it rather difficult to apply these 
pessaries and dumb-bell applicators, as they are more or less fixed In 
size and shape and not adjustable to many cervices. Extension beyond 
the cervix into the broad ligaments requires implantation of radon 
seeds, or radium element needles are placed In the cervical tissue 
opposite the broad ligament or in the massive extensions. 

Intra-uterine application In cervical cancer is advocated by many 
as an additional means of cross firing upon the broad ligaments. This 
is not without danger of infection being carried up into the uterus 
and an associated pelvic peritonitis. Cancers of the cervix always have 
a large amount of associated infection, usually streptococcus. In 
the few cases in which I have added intra-uterine irradiation, there 
has been a high percentage of infection in spite of preliminary cleans- 
ing of the cervix. There is less likelihood of carrying Infection into the 
body if the cervix Is cauterized, but no method of chemical steriliza- 
tion will eradicate all bacteria lingering deep in the tissues. 

With radium filtered with 1 mm. of platinum, the average cervical 
dose is 3,000 mg. hr., by the combined application of needles, tubes 
and plaques. With heavier filtration, say 3 mm. of platinum, the dose 
is increased to 4,000 or 5,000 mg. hr. Heymann, using the equivalent 
of 3 mm. of lead, gives 6,000 mg. hr. in broken doses, with impunity. 
There are two sdiools of dosage — one holding that a heavy, short 
application deals a death-blow to the growth better than repeated 
treatment, the other, supported by Bowing and Fricke of the Mayo 
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In two other patients in this group there were miscarriages. Neill 
concludes that pregnancy is possible alter irradiation in selected cases. 

For patients from twenty-five to forty years of age, the intra-uterine 
dose is increased to 1,000 to 1,500 mg. hr., producing amenorrhea 
for from one to two years with return of the menstrual periods in the 
younger group. Rarely is a patient resistant to one or two intra- 
uterine treatments and then requires hysterectomy. Hyperplasia at the 
menopause requires 1,500 to 2,000 mg. hr. with brass-filtered radium 
and 1,800 to 2,200 mg. hr. with platinum-filtered radium to bring 
about a complete cessation of menstruation. Artificial menopause is 
accomplished without serious complication other than that which 
would have occurred had the menstrual cycle ceased in the normal, 
physiologic way. 

Fibroid tumors of the uterus are especially susceptible to irradia- 
tion given internally or transpelvically, although intra-uterine applica- 
tion is quicker and more certain. The size of the tumor, per se, is not 
a contraindication to irradiation therapy, but pedunculated subserous 
growths, submucous tumors, caldfied fibromas, an Incarcerated uterus, 
an obscure diagnosis or acute pelvic inflammatory diseases require 
surgical intervention. Uterine fibroids so densely bound down by old 
inflammatory adhesions that their removal is an unwarranted risk 
respond to irradiation and, shrinking to normal, or nearly so, all 
bleeding ceases. Reduction of a densely adherent uterus is sometimes 
•ssodated vrith abdominal discomfort caused by pulling on the ad- 
hraioca, a symptom of minor Importance considering the patient’s 
K^u^ral well-being. The degeneration of fibroma into sarcoma by irradi- 
ition has not been established, as such cases reported in the literature 
wcre probably malignant from the beginning. The fibroid dose of intra- 
uterine radium Is about the same or perhaps a little larger than that 
required for permanent amenorrhea, as previously described. X-radla- 
uou and radium pack for fibroids act through the effect of the ray3 
upon the ovary more than directly upon the tumor itself. Intra-uterine 
“Tiufiation, however, has a double action; first, an obliterating endar- 
teritis of the endometrial vessels and, second, an inhibition of ovarian 
activity. Some authorities believe that excessive bleeding with marked 
•jp^rnia {5 a contraindication to irradiation, as it is imperative to stop 
r* bleeding immediately. Hysterectomy is also not without its dangers 
1 Pleats. Dilatation and curettage under gas anesthesia, or 

0 the nuliiparous without any anesthetic, ore associated with much 

and bring about almost uniformly a complete cessation of 
fnT m ° n 'k a g e until the radium has had its effect. Submucous fibroids 
iibrdd polyps require surgical removal, as irradiation against these 

1 ^ ^ to sloughs of varying degrees of severity with infection and 

£ uscharge, without eradicating the tumor. 

^Ialionant Diseases. — Adenocarcinoma of the uterus usually 
n at or after the menopause. Curettage reveals the diagnosis, but 
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Uterus. — Irradiation of uterine disease has been a blessing to many 
thousands of patients by sparing them the dangers and mutilations of 
operations for the removal of one or more pelvic organs. 


Benign Diseases. — M a n y thousands of women have had th ei r 
uteri saved by irradiation control of Irregularities In menstrual flow 
or eradication of fibroid tumors. What a pity to deprive unnecessarily 
a young woman of her pelvic organs and hopes of normal sexual 
activity, by removing the uterus for a menstrual Irregularity or small 
fibroid tumor. Many cases are on record of perfectly normal m e n strual 
and sexual functions and the occasional birth of a normal child after 
uterine Irradiation. 

Hyperplasia of the endometrium is most frequently encountered at 
the beginning or termination of the menstrual cycle. In young women 
under twenty-five, the Intra -uterine dose is from 400 to 1^00 mg. hr., 
with brass-filtered radium, and about one-third more than this when 
r mm. of platinum, aluminum foil and 2 mm. of ametal rubber are 
used. In girls at the beginning of the menstrual period up to the later 
teens, one-half to two-thirds of an erythema dose with x-ray or radium 
plaques over the ovaries gives the same result without the necessity 
of instrumentation. Following such treatment, there may not be a 
complete cessation of the menstrual cycle, but a gradual reduction to 
normal flow. If amenorrhea occurs, it usually lasts six months to a 
year, gradually returning to normal. 

W. Neill reports 30 cases of adolescent bleeding treated with radium 
at the Howard A. Kelly Hospital. In six of these the hemoglobin 


varied between 30 and 50 per cent. The youngest patient was 13 years 
old, and the oldest 25. He divided the cases Into three groups: In 
Group I there were sixteen patients In whom the periods became 
normal Immediately or within a few months after treatment and 
remained so. In Group II, five cases, there was temporary amenorrhea 
with a later return to normal menstruation. In Group HI, permanent 
amenorrhea was established in six cases. All of these were treated by 
the intra-uterine method, with a dose varying from 184 mllllcurie 
hours to 1 ,3 00 mllllcurie hours, the mniimnm dosage being used In a 
person 24 years of age, who had had such extensive hemorrhages In 
spite of previous curettements that the hemoglobin was 30 per cent. 
Hysterectomy had been advised, but refused by both patient and par- 
ents. After Irradiation, Immediate cessation of hemorrhage occurred, 
but Irregular bleeding continued for ptgbt months, when normal 
periods became established and the patient’s health steadily improved. 

In Group I of Neill’s cases, one patient married one and one-half years 
after treatment (12 years ago) and gave birth to a normal child one 
year after marriage (2# years after treatment), and a year and a half 
later (4 years after treatment) there was a stillborn chfld at full term. 
Five years later, she was delivered of a second healthy chfld— both 
children being alive and normally developed at the time of this writing. 
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SECTION IV 

HYDROTHERAPY— DOUCHES 

Hydrotherapy In gynecology is limited to perineal irrigations and 
douches, and occasionally sitx baths, irrigations and douches being 
most frequently employed as a cleansing agent following perineal 
operations, although ulcerating diseases of the vulva require irriga- 
tions for cleanliness and comfort. Irrigation solutions are usually 
similar to those for douching the vagina. Sitx baths relieve pain and 
tenesmus, and cleanse the external genitalia. 

The real value of a douche is threefold — first, and most important, 
the mechanical irrigation; second, heat applied more closely to the 
seat of disease; and third, the chemical effect, of least value, as solu- 
tions strong enough for definite chemical action on bacteria often are 
irritating and usually do not remain in the vagina long enough for 
real antiseptic effect; neither do they reach the cervical canal, the 
seat of most leukorrheas. Saline and alkaline douches are soothing to 
the Irritated vagina or vulva. 


Technic 

Douches are best given by a nurse or an attendant, although am- 
bulatory patients using the treatment at home, once or twice a day, 
have to irrigate themselves. A long, curved, hard rubber noixle, 
most commonly satisfactory, Is attached to a soft rubber bag by a 
Jong rubber tube. A special, two-way douche nozzle, with a Urge 
fiange near the distal end, to keep the vulva apart, is preferable, 
thereby protecting the external parts from irritation from hot solu- 
tions, and at the same time making distention of the vagina possible, 
the solution escaping only through the outflow tube. The patient 
*bould lie on her back, preferably with the hips slightly elevated, 
assnr * n B that the solution gets as high as possible (except in acute 
CaAw > when Fowler’s position is essential to reduce extension up the 
cerv 'i* and uterus and out Into the tubes). Advise against sitting on a 
commode while taking a douche, as the solution does not remain in 
tw vagina long enough nor under sufficient pressure to distend all the 
iotas of the vaginal wall. 

anc * c hn)nic endocervidtls are the most common diseases 
tqumng douches, although the heat of the douche is of great value in 
KUte *wl chronic salpingitis. 
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does not always tell of the exact location and the extent of the involve- 
ment. For this reason, intra-uterine irradiation is liable of inaccurate 
application, and for many years panhysterectomy was considered the 
method of choice. Recently, Buraam and others have reported excel- 
lent results from intra-uterine Irradiation, which compared favorably 
with those of panhysterectomy without primary operative mortality. 
The intra-uterine irradiation technic is as formerly described with 
two or three times the dose — as high as 3,000 or 3,500 mg. hr. being 
given with brass-filtered radium and 3,500 to 4,000 mg. hr. with 
platinum-filtered radium. In extensive cases this might have to be 
repeated as occasion demands, the repetition of treatment in any case 
depending entirely upon the progress. Marked palliation is obtained 
even in advanced disease involving the broad ligaments, particularly 
when the treatment includes transpelvic irradiation. 

Ovaries. — As already mentioned, the ovaries are always affected 
when treating diseases of the uterus or the cervix. 

Benign lesions of the ovaries, then, which are treated with irradia- 
tion, are only those dependent upon functional activity. 

Carcinoma yields surprisingly well, but I believe an exploratory 
operation should always be done in the hope of removing the growth, 
or as much of It as possible, and allowing accurate localisation of the 
remaining trouble for more effective postoperative irradiation. Irradia- 
tion of ovarian tumors without preliminary operation, except in rare 
instances where the tumor is massive and diagnosis Is quite certain, 
is more or less working In the dark. I recall a patient of Howard A. 
Kelly’s who had been operated on in a distant city and the diagnosis 
of inoperable, adherent, bilateral carcinoma of the ovary made with- 
out biopsy. Operation (at which I assisted) was performed In an 
effort to determine more accurately the exact nature of the growth and 
to remove as much as possible before irradiation. Two large chocolate 
cysts were found and completely removed, the patient making a 
splendid recovery. Electrosurgery was necessary to cut the tumors 
away from the densely adherent intestines. 

The dose of radium or x-ray should be carefully ca lcul a t ed and at- 
Uvered through as many portals as possible, cross firing upon the 
seat of the disease. An erythema dose is given through each portal, 
with careful protection o! the skin to prevent overlapping. 
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Acute Gonorrhea 

The local treatment of acute gonorrhea is only part of the thera- 
peutic measures necessary to cure the local disease, prevent salpingitis 
and protect the other members of the household. The accepted gen- 
eral medical measures must always go hand in hand with douches and 
external irrigations. 

In the acute stages, patients are usually in bed, where frequent and 
constant treatments are more readily given. The perineum and vulva 
are cleansed three or four times a day by copious irrigations, with a 
mild antiseptic solution, such a3 2 per cent boric add, bichloride of 
mercury (1:8000) or potassium permanganate (1:4000). Vaginal 
douches of similar solutions, at a temperature of 116 0 F. (46.67° C.), 
are given at low pressure, with the body elevated, preventing forcing 
the acute infection up Into the cervix, uterus and out into the tubes. 
It is better here to use a soft rubber norrle inserted a little way into 
the vagina, avoiding any abrasion. The heat inhibits the growth of 
the gonococd (Cherry); and large amounts of fluid, for instance, the 
long-employed gallon douches, greatly prolong the application to the 
cervix. After the acute stages have subsided, douches are supple- 
mented by topical applications and other treatments, which are beyond 
the scope of this chapter. 

Hyams 1 has described a unique instrument for, and method of 
• applying, .prolonged irrigation to the urethra and to the cervix and 
. yagibaf with hot solution at an exact temperature under accurate con- 
-trol. The accompanying diagrams are sufficiently illustrative without 
further description. 

<3 , 

Acute Urethritis 

TTS^patieht is requested not to void for at least an hour before 
-^treatment, which is applied in the lithotomy position. One ounce of 
1 per cent silver nitrate solution is injected into the vagina, bathing 
its walls, as well as the cervix, and held by a pledget of cotton in the 
outlet The urethral open applicator (Fig. 39) is connected to a tank 
containing sterile water at a temperature between 114 and 118 0 F. 
(45.56 and 47-78° C.), and the external parts cleansed by irrigation, 
after which the applicator Is inserted into the urethra for about 
one-quarter of an inch and held firmly against the meatus to prevent 
leakage. Water is allowed to circulate at a temperature varying from 
106 to 114 0 F. (4x.11 to 45.56° C.), according to the tolerance of 
the patient, under a little pressure, distending the urethra so that its 
entire surface is accessible and flushed. Applications usually last 
twenty-five minutes; then a cotton applicator, saturated with 1 
cent silver nitrate solution, is inserted into the urethra and left for 
ten minutes. The pledget previously placed in the vaginal opening is 
removed, the urethra and vulva dried and dusted with a powder con- 



Urethral Applicators 



Fk. jo — Clo«*Tj nrrtbnl applicator, (Cwrt ny of American MrtUrfee.) 


O* Lvoiw# n 


Hydrotherapy — Douche* 
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slating of one part xeroform and three parts boric add. A closed 
applicator Is used for repeated treatments (Fig. 30), after the acute 
symptoms have subsided; and the duration of the treatment, tempera- 
ture and local medication are the same as in the open method. Daily 
sfti baths are essential, the patient being instructed to sit in the bath- 
tub and allow the hot water to run slowly and steadily for fifteen 
minutes by the dock. Detailed instructions are also given regarding 
general hygienic measures, regulation of diet, fluid intake and care of 
the bowels. 

Acute Endocervicitis 

Figure 31 shows Hyams’ instrument for continued irrigations of 
the cervix and vagina. The preliminary technic Is similar to that 
described in the treatment of acute gonorrheal urethritis. After snugly 
fitting the cervical instrument Into the vaginal orifice, a thermom- 
eter is inserted, light attached, the rubber tube from the hot water 
supply connected to the instrument, and the irrigation started. The 
vagina immediately distends, and by looking through the attached 
telescope the water is seen loaded with pus and d6bris, resembling 
a “violent snowstorm,” temporarily obscuring dear vision but soon 
clearing as the irrigation is continued. By manipulation of the cervical 
applicator, its tip Is Inserted just within the external os, the entire 
instrument then being held in place by a special bolder, .the water 
circulating at a temperature of 115 to 118 0 F. (46.11 to 47.^8° C.). 
The patient experiences no discomfort so long as the circulating fluid 
remains confined within the vagina, but care must be exercised 'that 
none leaks around to irritate the skin. After twenty-fiv^ [minutes of 
such irrigation the instrument is removed, and an ounce of ,-r per [cent 
silver nitrate solution is injected into the vagina to remain for ten 
minutes, bathing the cervix as well as the vaginal walls. The skiff, of 
the vulva is then dried and dusted with the same dusting powder. 
The patient carries out similar home treatment as when being. treated 
for the acute urethritis. 

Chronic Endocervicitis 

Douches and tampons are the time-worn treatments for chronic 
endocervidtls. When the infection has penetrated deeply into the 
r * c tmose cervical glands, chemical solutions on tampons and the 
m ochanical irrigation rarely serve to dean up the outlying posts of 
the trouble. Hot douches are of value in stimulating circulation and 
cleansing the vagina of the accumulated mucoid leukorrhea but otber- 
are of limited value. Chronic endocervidtls, as indicated under 
Hectrosurgery, needs more drastic treatment. During convalescence 
from such surgical measures, douches are cleansing and comforting. 
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Malignant Disease of Cervix, Vagina and Vulva 

As a matter of completeness, I reiterate what has been said else- 
where relative to the great comfort which douches are to the gyne- 
cologic patient suffering from malignant disease. Following irradiations 
of the cervix and vagina, there is always considerable vaginal drainage. 
Carcinomas of the vulva are associated with much weeping of serum 
and sloughing growth, always discomforting and annoying. An alkaline 
douche once or twice dally is most commonly used, as it neutralizes 
the add, irritating secretions. 

Douche Prescriptions 


3? Addi borid 

n * 

Pulv. alum. 

Si 

Pulv. phenol 

s ii 

01. menth. pip. . . . 

S i IB 

Sig.: Mix well. A teasponful in a quart of warm water 

as a vaginal douche. 


THE A. B. c. 

DOUCHE 

Pulv. alum, exslc. 

S i 

Phenol 


Addi borid 

5 vi 

01. gaulth 


01. menth. pip. . . . 

Pt XIX 

Sig. : A teaspoonfol in a 

quart of warm water as a vaginal 

douche. 


Addi carbolid . . 


Sod. biboratia . . . 

SB 

Addi borid 

S W 

Sig: One dram in two quarts of hot water as a vulvil 

douche, t. i. d. 


2) 01. menth. pip. . . 


Addi carbolid . . 

3 i 

Zind sulphatis . . 

3 i 

Addi borid 

3 iv 

Sig.; Two drams in one gallon of hot water ns a vaginal 

douche, b. i. d. 
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CHAPTER TWENTY-THREE 


THE USE OF PHYSICAL THERAPY IN OPHTHALMOLOGY 
Santqed R. Git-toed, M.D. 

INTEODUCTION 

While always depending to some extent on such physical therapeutic 
agents as heat and cold, ophthalmologists in general have been rather 
slow to make use of the modern agents of physical therapy, such as 
ultraviolet light, diathermy, x-ray and radium. This conservatism has 
probably depended largely on a very proper fear of possible damage 
to the delicate structures of the eye, cornea, lens and retina by 
these agents. Such possibilities of danger undoubtedly exist, and it 
U only through the experiences of a relatively few observers in recent 
years that we are now able to say just what these dangers are and 
to arrange proper dosage and filtration bo that they may be avoided. 
As a result of the same observations, we are now able to say some- 
thing as to the various conditions which are definitely benefited by 
these agents. This should mean only conditions in which phototherapy 
or radium, for example, offer advantages not enjoyed by the agents 
previously used, as needless expense and loss of time by both physician 
and patient should not be incurred by using more complicated meth- 
ods and instruments for the treatment of conditions which are satis- 
factorily relieved by simpler means. 

This chapter will attempt to consider, therefore, only the condi- 
tions in which physical therapy has very definite indications, and 
give the technic and dosage which have been found safe and 
effective by observers with enough clinical experience to back up their 
statements. 

Theeiial Theeapy 

The use of heat and cold In ocular conditions should be governed 
by the same general rules as those for heat and cold elsewhere In the 
body. In the first stages of an acute inflammation, such as gonor- 
r h«l ophthalmia, acute conjunctivitis of other types or acute orbital 
oeHulItls, cold applications often reduce the amount of swelling or 
prevent further swelling, and often relieve pain. They are best applied 
™^he form of shaved ice in a thin rubber container such as a rubber 
£tove with the fingers tied off. This is wrapped in one layer ol thin 
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gauze and placed over the dosed lids. Cotton pads wrung out of ice 
water are also effective. Cold in one of these forms is often used for 
alternate hours during the period when swelling may be expected, 
Such treatment is of special value after certain operations such as those 
on the extra-ocular musdes which are frequently followed by con- 
junctival swelling. In any case of iritis with much pain, cold packs for 
not over 15 minutes to one-half hour at a time may be tried and may 
be of great value in relieving pain. When an ecchymosis of the lids 
(black eye) or a subconjunctival hemorrhage first occurs, cold appli- 
cations may cause contraction of the vessels and prevent further 
oozing. After 24 hours they are probably of no further value, and 
should be replaced by hot packs which seem to hasten the process of 
absorption. 

The same Is true In most Inflammatory conditions In which, after 
the initial swelling has been minimized by cold packs for 48 boors, 
the use of heat is generally of more value. 


Moist Heat. — In most cases moist heat can be effic i ently applied, 
and requires no special equipment. A pad of cotton Is placed on the 
eye, as the patient lies in bed with the eyes dosed. First warm water, 
and then hotter water, is dropped on the cotton with an ear syringe 
or a dropper till the highest temperature which Is tolerated without 
pain is reached. This temperature Is kept up for 20 minutes and 
such applications are given three or four times a day. It is important 
to give proper instructions either to nurses or to members of a patient’s 
family, when the effect of hot packs is desired. Patients should un- 
derstand that with the lids dosed, there is no danger In using ordi- 
nary water, and It is usually best, since if any solution, such as 
that of boric add, is used, there will seldom be enough solution, or 
hot enough solution, to give a proper pack. 


Dry Heat. — Where dry heat is desired, as after Intra-ocular opera- 
tions, the various infra-red lamps are clean, safe and effective. They 
should be placed at such a distance from the eye that the beat Is not 
actually painful, and treatments should last 20 to 30 minutes. The 
heat of an ordinary reading lamp may be used for this purpose. Park 
Lewis has described a convenient small Infra-red lamp made to fit 
snugly over one eye, which can be used by the patient himself. The 
Kopflicktbad used In many German clinics is a box which fits over the 
head and contains four to six electric light bulbs, which can be turned 
on to give varying amounts of beat to the head. The congestion of 
the head so produced is claimed to be more beneficial than packs to 
the eye alone. 

Other methods of using heat, such as diathermy and the thermo- 
phore, will be described later. 
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Phototherapy 

Id using light on the eye or adjacent structures, there are several 
factors which make the effects different from those of light applied 
elsewhere In the body. Most important of these is the transparency of 
the ocular media, which allows access of certain kinds of light to 
the deeper structures, and which may be impaired by too great a 
dosage of active rays. 

Absorption. — The riormal cornea absorbs 50 per cent of the longer 
infra-red rays, between 18,000 and 16,000 A°, the other half being 
absorbed by the lens. Between 16,000 and 13,500 A°, the cornea 
absorbs almost all the light, while from 13,500 down to the beginning 
of the visible red rays at 7,700, an increasing amount Is transmitted, 
reaching 100 per cent for the rays of the visible spectrum, 7,700 
to 4,000. In the ultraviolet region it absorbs practically all rays below 
2,950. The aqueous and vitreous humors transmit all rays which pass 
the cornea. The lens, besides absorbing most of the longer infra-red 
rays which pass the cornea, absorbs 25 per cent of rays between 
13,500 and 11,000 A°, all the ultraviolet rays between 2,950 and 
3, 2 oo and part of those between 3,200 and 4,000. These ranges of 
absorption are important since it is only the absorbed light which is 
effective, or in larger doses, harmful. 

Sensitiveness. — It may be expected that the cornea will be espe- 
cially sensitive to ultraviolet light. It Is sensitive not only because 
of its absorption, but because of its rich supply of nerve endings, 
and this sensitiveness Is the second factor which must be considered 
as peculiar to the eye. When the cornea is exposed to a source of 
ultraviolet light of sufficient strength, an abiotic reaction begins after 
six to eight hours, with swelling and irregularity of the corneal epi- 
thelium, and the formation of vesicles. If the exposure is longer, 
the epithelium is completely desquamated, the corneal corpuscles show 
fragmentation of thdr nuclei, and eosinophfle cells appear in the 
ctJnica ' This occurs, of course, only with exposures much longer than 
those used for therapeutic purposes. Even a slight abiotic reaction 
over a large area of cornea is intensely painful. It Is the real basis 
of photophthalmia or snow blindness and may occur in typical form 
after accidental exposure to the flash of an electric arc. 

It was formerly believed that snow blindness was due to the effect 
of ultraviolet light on the retina. From what we now know of the ab- 
wrption of ultraviolet by the cornea and lens, it is apparent that only 
the longer ultraviolet rays between 3,200 and 4,000, and only part 
of these, ever reach the retina, and changes in the retina as a result 
°*these rays have not been shown to occur experimentally. The retinal 
Ranges produced in rabbits by Birch-Hirichfeld were chiefly In eyes 
bom which the lenses had been removed, and after much longer ex- 

4*1« 
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posure than is ever used clinically. Large doses of infra-red rays, on 
the other hand, may cause injury to the retina, and this is what occurs 
occasionally after looking at an eclipse of the sun, when atrophic' 
changes in the central retina may later be seen with the ophthalmo- 
scope. 

The ultraviolet rays which pass the cornea may, in large doses, 
have the same effect on the epithelium of the lens capsule as on that 
of the cornea, and Duke-Elder ’ warns against this in using photo- 
therapy. The only clinical reports of cataract after phototherapy, 
however, of which I can find record are the two cases of Scbeerer, 
and in these cases some x-ray treatments had also been given. It has 
been shown in the clinic of Vogt that very large doses of ultraviolet 
are tolerated by the lens without any opacity developing. In the same 
work, however, it was found that the infra-red rays which pass the 
cornea did produce lens opacities. It is to guard against this that the 
source of light used for phototherapy must be seriously considered. 

Sources of Light. — General Irradiation. — For general irradia- 
tion of the body, the larger mercury vapor arc lamp Is usually used, 
in a quart* tube. Types of this are the Jesionek light, a light de- 
scribed by Duke-Elder 1 which, with the addition of a screen and 
quartz applicator, is also suitable for local applications to the eye, and 
tne air-cooled mercury quartz lamps, which are now being used rather 
extensively, especially by pediatricians, and which Koeppe has used. 
In Copenhagen, where the Finsen iron arc light was first used for tuber- 
culosis, a type of large carbon arc has finally been selected as the one 
whose spectrum most nearly approaches that of the sun, and this Is be- 
ing used for general Irradiation. 2 The object of this treatment Is to 
produce a mild skin reaction, which has been shown to increase the bac- 
tericidal, pOvcer of the blood, and so It is of value especially in tuber- 
culous conditions and phlyctenular keratitis. In the technic used at 
Moorfields Hospital, one-third of the body surface Is irradiated at each 
sitting with - the mercury arc lamp, the dose being found which wifi 
produce a -slight erythema, and this Is repeated on other areas two or 
three times a week. After fifteen such treatments, a carbon arc light is 
then used which is richer In the long ultraviolet rays, and has a more 
penetrating effect. Five treatments with this are given, and after two 
to three weeks of rest, another course Is given If necessary. 

Local Irradiation. — For local treatments to the eye with ultra- 
violet light, Duke-Elder uses a mercury vapor arc slitlamp apparatus, 
with a quartz lens system; Koeppe, the water-cooled mercury quartz 
lamp, q small mercury arc In a water-cooled quartz container, with a 
quartz applicator. The light which Is used in most European clinics, 
and which I have used In most cases, Is the Birch-Hirschfeld irradiation 
lamp, a carbon arc, with a filter of uvlol glass, and a quartz lens system, 
one lens of which Is movable, so that a fine bundle of light can be 
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focused on the comeal lesion (Fig. i). A quartz cell containing 0.5 per 
cent copper sulphate solution was used by Birch-Hirschfeld to remove 
the infra-red rays. This absorbs some of the ultraviolet rays, all, in fact, 
below 3,050 A°. Hence distilled water in the cell, which has the same 
effect on the heat rays, Is to be preferred. 

Uviol Filter . — Since the uviol filter removes some of the infra-red 
rays, I have often used the lamp without any other filtering solution 
and have never seen any damage to the cornea from the slight heat 
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effect produced, which may itself have some beneficial effect. The uviol 
filter removes most of the visible rays which produce dazzling rays, 
transmitting only a narrow band of visible rays in the blue-violet, the 
effect of which Is rather to decrease photophobia and corneal sensi- 
tivity. Figure a shows the spectrum of this light Without any filters it 
transmits a uniform band down to 2,300 A°. With the uviol filter 


a b e 



Fax. 1. — Spectrum of Btrch-Hlrrchfeld lamp, a. Arc Hjrtit wftboct (Dtfr; b, arc 
avtol uxj copper tulpbaie fittm; c, arc Debt with wvfed Alter. 
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the shorter wavelengths are absorbed, but a considerable amount of 
ultraviolet down to 1,850 A° is transmitted. Other filters, such as 
some of the Coming glasses, or Wood’s filter of nitrosoamlno-anlllne, 
transmit more ultraviolet, and attempts are being made to find a 
system of filters with which the amount of ultraviolet can be varied 
satisfactorily. The amount of ultraviolet emitted by the light itself 
is much affected by the carbons themselves, carbons cored with nickel, 
aluminum, cobalt or Iron being especially rich in ultraviolet* In the 
arc used In this work, carbons with iron cores were used, With this 
apparatus, as at present used, the light Is focused on the lesion for 
five to ten minutes, and should be kept in focus by the surgeon or a 
trained assistant, as slight movements of the head or eye will other- 
wise remove the lesion from the area of effective radiation. Treat- 
ments are repeated once or twice a day. 

Visible Rays. — Another method of phototherapy utilizes chiefly 
visible rays, which penetrate the media and are effective in lesions 
of the posterior segment. For this, the arc light, with Henkeris filters 
of crystal violet and copper sulphate solution, is used. Koeppe reports 
good molts from this method in 500 cases of tuberculous iridocyclitis, 
and In several cases of periphlebitis of the retinal vessels and 
choroiditis. 

I have had no experience with this method of treating deeper lesions, 
and believe the evidence in favor of its use is not nearly so convincing 
as that In favor of ultraviolet Irradiation In the types of condition to 
be described. 

Comparative Results from Use of Various Lights. — Photo- 
therapy was first used for the treatment of tuberculous eye diseases 
and phlyctenular keratitis in scrofulous children, following the work 
of RoUier and of Fleming and Krusius on exposure to sunlight in high 
altitudes. In these conditions, general light baths with the mercury 
vapor arc have proved of definite value. Stock, Koeppe, Duke-Elder 
and many others have reported rapid clearing up of eye lesions 
during the general reaction so produced, so that light baths are now a 
part of the routine treatment ol phlyctenular keratitis in many clinics. 

Tuberculous Iridocyclitis; Sclerosing Keratitis. — In tubercu- 
lins iridocyclitis and sclerosing keratitis, supposed In most cases to be 
due to tuberculosis, local applications of light have also been used. 
Koeppe 5 s 300 cases of iridocyclitis, which have been mentioned, were 
heated with on apparatus which depended chiefly on the visible rays, 
Sriunz used his arc light with uviol filter for similar conditions. Both 
Stock and Duke-Elder, however, report that no definite results are 
obtained by local phototherapy In tuberculous Iridocyclitis, although 
Duke- Elder believes a trial of such treatment Is justified where tu- 
bercles are confined to the iris. Stock and Gilbert have seen good 
hsulu in sclerosing keratitis. 
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Lupub of the Lids; Conjunctiva. — Lupus of the lids and con- 
junctiva was first treated by Lundsgaard with the Flnsen light, which 
he found superior for this purpose to the mercury vapor lamps because 
its spectrum contains more of the longer ultraviolet rays, so that a 
deeper effect is produced. The cornea was protected by cotton and the 
light applied to the everted lids, which were made anemic by pressure 
with a quartz applicator. Treatment lasted one to two hours, producing 
a second degree erythema with membrane formation. The water-cooled 
mercury quartz lamp requires much shorter exposures, and good results 
have also been obtained with it Axmann used a mercury vapor arc 
with success in similar cases. He did not protect the cornea, and saw 
corneal opacities clear op under the irradiation. 

I have used general light baths In severe cases of phlyctenulosis, 
sclerosing keratitis, tuberculous iridocyclitis and Iridocyclitis of un- 
known origin. I believe they have been of distinct value in clearing 
up these obstinate conditions, and have been encouraged to make 
use of them more frequently. Like foreign protein injections, light 
baths often seem to produce a sudden shower of antibodies In the 
blood, sufficient to start the healing process. Naturally other methods 
of treatment are not neglected In these cases. 

Trachoma. — Lundsgaard 4 submitted 109 eyes with trachoma to 
treatments with the Finsen light by much the same technic. He 
reports that many were cured after one or two applications, old cases 
with the disease deep in the lids being among those cured. In some 
cases, more treatments, as many as seven, were necessary. Isaak 
treated 22 eyes in the same way with good results, the follicles often 
disappearing in one week. Mohr and Baum and Cbotzen and Knxnit- 
sky used the water-cooled mercury quartz lamp with a special quart* 
applicator the shape of the lid, backed with metal bo that the cornea 
was protected. In early cases, the results were much better than when 
the ordinary treatment was used, but in cases with extensive scar 
formation the effect was not deep enough. Marked clearing of the 
pannus was seen In many cases. Lundsgaard later (1918) reports 
that with the Flnsen light, the length of treatments need be only 
20 to 30 minutes, and that two treatments often produce healing- 
In my hands treatment of trachoma by irradiation has been disap- 
pointing and I believe It is now seldom employed. 

Serpent Ulcers. — The treatment of serpent ulcers by light was 
begun by Hertd, who used a magnesium light in 26 cases. Two-thirds 
of these cases healed with much slighter scarring than was shown in 
similar cases treated by other methods. Schanx, In 1913, reported on 
the use of a carbon arc and also the quartz lamp, both of which de- 
livered light of short enough wavelength to kTQ bacteria in the cornea. 
While his results were good, he did not’belleve they surpassed those 
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obtained by other methods, and gave up this form of treatment in 
favor of optochln. 

His arc light with uviol filter and quartz lenses was in its essentials 
much the same as that used by Birch-Hirschfeld. This author 5 has 
been a moat enthusiastic advocate of phototherapy for serpent ulcer, 
and considers it the treatment of choice, saying that it brings about 
healing In the shortest time with the least scar formation. Up to 1924, 
he reported 280 cases treated in the KSnigsberg Clinic, with 8.5 per 
cent of eyes lost. Hoffmann ' reports on 190 cases treated since then, 
with only 4.6 per cent of eyes lost. Before the use of phototherapy, the 
losses averaged 33 per cent. 

The arc light with uviol filter and quartz lenses was used for treat- 
ments of four to ten minutes, given once or twice a day. Fluorescein 
or rose bengal, 2 per cent, is first instilled into the sac to stain 
the cornea, as these dyes are believed to sensitize bacteria to the 
action of light. Birch-Hirschfeld advises using rose bengal for the 
first treatments, since it has the greatest effect on the organisms, then 
fluorescein, and finally, when there is delay In epithelization, rose ben- 
gal and short applications of light (3 minutes). Some interesting experi- 
mental work has been done by Passow T on these “sensitizers.” Ex- 
posing plates inoculated with Staphylococcus aureus to the arc light, 
he found that without sensitizers, 120 seconds were required to kill 
the organisms, while when fluorescein was first used, the organisms 
were killed in 30 seconds, and when 2 per cent rose bengal was used, 
in 10 seconds. With a Hammer lamp, which transmits chiefly visible 
rays, and rose bengal, the organisms were killed in 10 seconds, but 
without the rose bengal this light was without any effect. 

Much the same results were obtained when org an isms were exposed 
In fluid of various depths, the Ham mer lamp and rose bengal being 
the only combination which could kill organisms in layers 8 mm. deep. 
In pus the arc light with rose bengal was effective only in layers o.r 
mm. thick. In experimental corneal ulcers produced by B. suisepticus, 
irradiation with the Hammer lamp and rose bengal produced better 
results than the other methods which were tried, and seemed to justify 
the belief that such treatment in serpent ulcer could have a bacterici- 
dal effect. 

Bactericidal Effect. — Planck states that sensitizers increase the bac- 
tericidal effect of visible raj’s, but have no effect on ultraviolet rays. 
This opCnfcra seems to be confirmed by Passow’s results, which appar- 
ently depended chiefly cm the visible rays. Gilbert reports excellent re- 
^ts in serpent ulcer with the Birch-Hirschfeld lamp, which has made 
paracentesis and the cautery unnecessary in his cases. Stock, how- 
ever, who has tried the same light in various conditions, reports no 
puod results in serpent ulcer. Passow’s demonstration of the enormous 
effect of a very thin opaque layer of pus in diminishing the effect of 
fight would suggest that a bactericidal effect would be very’ difficult 
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to obtain In a serpent ulcer when the bacteria were lodged in the par- 
tially opaque cornea and were covered by a layer of exudate. 

Herpetic Keratitis. — -In herpetic keratitis, Including dendritic 
ulcer and allied conditions, however, the virus affects the superficial 
layers and here, as would be expected, good results are reported by 
phototherapy. Stock reports almost unfailing success in these condi- 
tions, one treatment of five minutes often being sufficient Peppm filler 
reports good results in severe cases. Of other forms of keratitH, phlyc- 
tenular keratitis has not usually shown a favorable response to local 
light treatments, while it does usually respond to general treatment 
Interstitial keratitis has not usually responded well, although Hensen 
reports good results in the avascular form by the use of the air-cooled 
mercury quartz lamp locally for short exposures (one-fourth to one 
minute;. Tuberculous keratitis has done well under treatment in the 
hands of Chotzen and Kuxnitsky and others. Stock reports one good 
result in rodent ulcer. 

Blepharitis. — Blepharitis which does not respond to the usual 
methods has been treated by Duke-Elder with the mercury' vapor slit- 
lamp with good results, and by Poyales with the carbon arc light- 

Results from Use of Uviol Light — Fifty-three cases were treated 
by the author with the uviol light 

Serpent Ulcers. — The few serpent ulcers which were given photo- 
therapy were also given the usual forms of treatment, including ap- 
plications of optochin and trichloracetic add and delimiting keratot- 
omy. Their course differed in no way from that of other serpent 
ulcers, except that the pain and photophobia were usually relieved for 
some time following each treatment In very early serpent ulcers, none 
of which were seen In this series, phototherapy might be effective and 
would cause a minimum of damage to the cornea. Perhaps better results 
would be obtained by employing, as Kublk in a personal communica- 
tion has advised, very long exposures, up to 15 minutes twice a day. 

Corneal Lesions. — The most marked effect of phototherapy was 
seen, as might be expected, in superficial comeal lesions, such as her- 
petic or dendritic ulcers, which tend to spread over much of the cornea 
without involving the deeper layers. Here treatment by strong caustics 
or by paracentesis has, in my experience, been harmful, as apparently 
offering a foothold for the herpes virus on necrotfc tissue, and allow- 
ing a deeper Involvement of the cauterized areas. Fifteen such cases 
were given phototherapy, an exposure of three to five minutes being 
given every two days, until the ulcer ceased to xtain with fluorescein. 
Rose bengal or fluorescein was used before treatment in all cases. The 
number of treatments required varied from four or five in mild cases 
to twenty-five in one case which showed several recurrences. All cases 
healed with a thin scar allowing useful vision, and although there were 
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recurrences in several, these responded to the same treatment. In most 
cases, the time required for healing was considerably shorter than 
that which would have been expected from the type of ulcer present. 
The most marked effect was seen after the first few treatments, and 
in five cases healing occurred after two to four treatments, with al- 
most negligible scar formation. (In one case, this occurred after one 
treatment.) Later treatments seemed to haw less effect. While this 
may be explained by the assumption that the herpes virus was deeper 
seated in these cases, a distinct impression was formed that the cornea 
became tolerant of the light and ceased to be stimulated by It, or that 
the resistance of the virus to light was increased. 

In nearly all these cases, the effect of light treatments on the pain 
and photophobia was marked from the first. It seems remarkable that 
a patient suffering from intense photophobia can be made to look 
fixixily at the uviol light for five minutes with very little discomfort, 
and that he will afterwards be able to endure ordinary light much bet- 
ter than before. 

Epithelial Dystrophy. — Another condition which would seem es- 
pecially adapted to phototherapy Is epithelial dystrophy of the cornea, 
and in the milder forms of this, showing no gross bleb formation, but 
containing, as revealed by the slitlamp, countless minute areas which 
stain with fluorescein, some good results were obtained. Six such cases 
were treated, and although dionin was also given, they seemed to re- 
spond more rapidly than those given dionin alone. One case healed In 
thirteen days after five treatments, and the tension, which had regis- 
tered 34 Schifitx, decreased to 15 . One case, which developed during 
iritis, healed in ten days after seven treatments. 

In one case of the severer form, with some deeper comeal opacities, 
the light treatment was without effect. Two cases of the probably allied 
condition of recurrent comeal erosion, in which large blebs were 
present, were given one to three treatments, but without marked effect, 
and abrasion and bandage were resorted to. No other reports have been 
wen of the treatment of epithelial dystrophy by phototherapy. Recent 
reports by Post and Green indicate a definite benefidal effect of photo- 
therapy In typical epithelial dystrophy. In the apparently very favor- 
able cases, it is impossible to state that the good results were due to 
phototherapy, since some cases respond very well to dionin. Here no 
organisms or virus can be made, responsible for the condition, so the 
apparent effect of phototherapy must be due to a stimulation of the 
epithelium. 

Co rneal Scar. — Of types of ulcer other than serpent ulcer and 
herpes coraeae, a good effect was obtained in two cases of comeal scar 
*ith degeneration and ulceration over the scarred area, which healed 
after three and four treatments respectively. In one case of phlyctenu- 
kr ulcer, the effect was at first good, especially on symptoms, but the 
^^tlon recurred during treatment In another, no effect was noted. 



1 O rtni*rt*r tj 

IvoiM* rr 


Physical Therapy In Ophthalmology 

Sclerosing Keratitis. — Because of the favorable reports of Stock 
and others on Its use In tuberculosis of the anterior segment, photo- 
therapy was tried in three typical cases of sclerosing keratitis prob- 
ably due to tuberculosis, because of positive tuberculin reactions and 
negative results of a search for other causes. One very severe case did 
not return for more than one treatment The other two, however, 
showed a quite distinct improvement on phototherapy. In these cases, 
where we do not know whether the tubercle badHus is present in the 
cornea or sclera, and where a good deal of opaque tissue is opposed 
to the penetration of light, the assumption of a stimulating effect of 
light, producing a dilatation of the capillaries and bringing in a new 
supply of antibodies, seems the only one which will account for the 
apparently marked improvement 

Moqren’s Ulcer. — In one case of Mooren’s ulcer, the progress of 
the ulcer stopped during the firat three treatments, but then began 
again in spite of further treatments. No effect was observed in two cases 
of extensive comeal erosion, one from lime bum and one from add. 

Trachomatous Ulceration. — Of the five cases of trachomatous 
ulceration treated, three responded very favorably to phototherapy. 
Two of these cases had resisted all other treatment, and the light ap 
peared to be the factor which turned the scale In favor of healing. In 
one of these, treatments were given twice dally for three days. 

Blepharitis. — The six cases of blepharitis subjected to light treat- 
ment were very severe ones, which had shown no response to yellow 
oxide of mercury, correction of refraction, and systemic treatment 
Four responded very favorably, after twelve, three, six, and seven 
treatments, respectively. In two an autogenous vaccine was given at 
the same time, but In the other two the light was apparently the only 
factor responsible for cure. The uviol light was focused on the same 
area and moved back and forth for the same length of time. While 
the results in these cases were apparently very definite, I do not insist 
upon them, as I have found two or three proper treatments with x-ray 
to be as effective, If not more so, in obstinate cases, and this treatment 
is less time-consuming for the patient 

In using the uviol light, I have never seen any harmful effect on the 
lens or deeper structures, nor has the lesion treated ever been made 
worse by such treatment 

Result* from Use of Merc ury Vapor Arc. — Twenty-eight cases 
were treated by the mercury vapor arc. In thin series two sires of 
quartz applicators were used In the treatments, one of eight millimeters 
for treating the lids and conjunctiva, and a small one of two and one- 
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half millimeters for small corneal lesions. In later work, the conical 
■pplkators described later were used. Through fear of causing painful 
light reaction, the dosage first used was small, but it was found that 
45 seconds could be safely used on corneal lesions, repeated, if neces- 
sary, on other areas of the same cornea, two to three minutes to the 
conjunctiva of one lid and fold, and to the whole lash border of each 
eye. The expected symptoms of light ophthalmia did not materialize. 
Only a few patients complained of burning after treatments, and in 
only one case were these symptoms severe enough to cause the treat- 
ments to be discontinued. One patient developed two punctate comeal 
infiltrations after his lids were treated, but these healed in 24 hours. 
The conjunctiva was treated by everting the lid and keeping the cornea 
under the opposite Ud. 

The best results were obtained In blepharitis, two cases being prac- 
tically healed after one treatment, and the other much improved. One 
case of dermatitis was entirely relieved of itching after one treatment, 
and the lids became smooth. The reaction around severe deep horde- 
olum seemed to subside rapidly after light treatment and the sty opened 
spontaneously earlier than was expected. One subsided after two treat- 
ments without becoming purulent. Chronic conjunctivitis with blephari- 
tis responded well when light was applied to both the conjunctiva and 
lash border. 

While the Blrch-Hirschfeld lamp or Duke-Elder’s mercury vapor 
arc alltlarap is probably the most effective instrument for applying 
light to corneal ulcers, the ordinary mercury vapor light or an air- 
cooled light with quartz applicators Is almost necessary for the treat- 
ment of the conjunctiva and better for treating blepharitis, as larger 


amounts of effective ultraviolet may be delivered over larger areas 
than with the former Instruments. I believe the cornea may also be 
lr eated effectively and safely with the mercury vapor light, by using 
•mall applicators and directing the light away from the pupil. The 
attachments for the use of this light made for Dr. Coulter of the 
Physical Therapy department, Northwestern University (Fig. 3), are 
convenient for limiting the light to a desired area of cornea or lids, 
the apertures for the cornea varying from 1.5 to 5 mm. In diameter 
^nd being 3.5 cm, from the light, and the one for the lids and con- 
ffmctlva being a slit 5 mm. wide and 3 cm. long. With these, the use 
ol quartz applicators, which make the amount of light delivered a 
variable quantity, Is unnecessary. 


^ OSAGE . — The question of dosage, which Is important, depends on 
sc'tral factors. When most of this work wns done, no satisfactory 
*y»tem of measuring dosage had been arrived at. The time of ex- 
posure for the uviol light recommended by Blrch-Hirschfeld was nc- 
^Pted, 1 luce with this instrument large doses could be given with- 
00 P r °dudng erythema or corneal erosion, and it was thought that 
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some of the effect was probably due to heat rays and to visible rays 
acting with a sensitker. With the mercury vapor arc light, experiments 
on the rabbit’s cornea, and cautious clinical use of the light, indicated 
45 seconds for the cornea and two minutes to the lids as a safe dose. 
Mercury vapor arc lamps vary considerably in the amount of light 
delivered, and individual patients also vary In their reaction to given 
amounts. It now seems safest to try out each patient with the la mp to 
be used in order to find the time necessary to give a skin erythema, 



F*>. j. — C otdter'* ippHator* foe min* the mercury T»por arc H*ht- A, corneal »PpU- 
caton of 1.S-3-J mra. (th meter and bolder. B, applicator* for treatin* Bd* and «*»- 


using 75 per cent of this as the initial dose for the cornea, and 75 
cent for each lid border or the conjunctiva of the lid. With a powerful 
light source, such exposures require considerably less time than the 
doses mentioned above. Even these doses may cause moderate reaction 
with marked photophobia, and the feeling of a foreign body persisting 
24 to 36 hours. 


Summary Of Phototherapy 

I. Beneficial effects of phototherapy, especially with ultraviolet 
light, may be explained in four ways: by a direct bactericidal effect, 
by stimulation of the epithelium, by improved nutrition from the 
hyperemia produced, and by an Increase In the antibodies of the blood. 

II. General light baths with the mercury vapor arc are of great 
benefit In phlyctenular keratitis and in ocular conditions due to tu- 
berculosis. 

III. Local phototherapy Is of benefit In superficial corneal ulcer, 
tuberculosis of the cornea and conjunctiva, and blepharitis. 

IV. Herpetic lesions show the most marked effect of such treatment, 
some healing after one or two treatments. 
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V. No marked results were seen in serpent ulcer in this series, but 
the reports of others would seem to justify a trial of such treatment, 
especially In early cases, other forms of treatment not being neglected. 
The length of treatment In these cases might well be Increased to ten 
minutes twice a day. 


Diathermy 

Diathermy, medical and surgical, has not attracted so much atten- 
tion from ophthalmologists as has phototherapy, if one is to judge by 
the relatively small number of reports in the literature. A recent hand- 
book by Monbrun and Casteran ■ presents evidence of distinct advan- 
tages for these methods in a number of ophthalmologic conditions. 
These authors point out the danger of generating intense heat near the 
eye and state that it should never be employed lor the treatment of 
intra-ocular diseases. Medical diathermy has been shown experimen- 
tally to increase intra-ocular tension and so should never be employed 
in glaucoma. The forms of apparatus commonly employed are not 
suitable for use in ophthalmology, where much weaker currents must 
be utflixed. A special milllamperemeter recording currents below 500 
mUliaia peres is necessary and this current should ordinarily not be 
exceeded. These authors describe (Figs. 4 and 5) a special ebonite 
handle with applicators in the shape of delicate needles, hooks and 
blunt instruments suitable for surgical diathermy about the eye, and 
a set of metal eyecups fitting over the closed lids to be used for a more 
diffuse heat effect (medical diathermy). The lids are controlled by a 
glass lidholder. While some such special equipment for ophthalmic 
work is necessary, this need be neither cumbersome nor expensive, 
and with the precautions mentioned above, certain procedures may 
apparently be carried out very conveniently and with perfect safety. 

Trichiasis. — One condition in which there is no doubt of the efficacy 
and convenience of diathermy is that of trichiasis, where a few lashes 
must be destroyed. The generally used method of electrolysis, while 
effective, required that the current be continued 30 seconds for de- 
itruction of each lash follicle, and in spite of careful local anesthesia, 
can seldom be accomplished without some pain of a very unpleasant 
kind, with a tendency for the patient to make inv-oluntary jerking 
movements. Surgical diathermy requires only one second for the de- 
struction of each lash, and after infiltration with novocain the pro- 
cedure is painless. Monbrun and Casteran advise the use of a single 
iharp needle, which Is inserted in the follicle, as the active electrode, 
the indifferent electrode not being connected. A current of only 150 
mill 1am peres Is used, for one second, and the current Is shut off with 
the foot pedal before the needle Is removed, os otherwise a spark will 
be produced. If the lash resists gentle traction with the lash forceps, 
the coagulation has not been sufficient and 6bould be repeated. A 
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number of lashes may be removed in this way at a single sitting, but 
if more than six to right intumed lashes are present, it will be more 
convenient to perform a plastic operation. The same method may be 
employed for the comeal portion of a pterygium but is more compli- 
cated than surgery. 

Chalazion. — Chalazion of the ordinary type is also more simply at- 
tacked by surgery, but where a small chalazion is present on the free 
lid border, rather a delicate surgical procedure is required with the use 
of a stitch. Here diathermy presents distinct advantages because of the 
slow necrosis produced, with resulting delicate and practically invisible 
scar. Here the ordinary method is employed, with a large indifferent 
electrode under the patient, and a small needle as the active electrode. 
This is passed into the chalazion after infiltration and a current of 
200 to 300 milliaraperes is used for one second, this bring repeated 
two or three tiroes with the position of the needle slightly changed, 
according to the size of the chalazion. 

Division of Cicatricial Bands of Orbit. — Another use of surgical 
diathermy which seems Important, if the experience of these French 
observers Is confirmed by others, is the division of cicatricial bands 
of the orbit -which prevent the wearing of an artificial eye. When these 
are divided surgically, adhesions invariably occur, so that free grafts 
of skin or mucous membrane are necessary. On account of the delicate 
and no nre tractile scars formed after electrocoagulation, it fa claimed 
that such bands may be simply coagulated with a needle-hook, using 
the same method with two electrodes. The bands should not be cut, but 
only sufficient current and traction should be used to turn them white, 
usually two to three seconds of 200 to 300 mill iam peres being suffi- 
cient. No sutures or dressings are necessary'. A temporary small pros- 
thesis may be worn immediately afterwards and a permanent one made 
after 15 days, when elimination of the necrotic tissue is complete. The 
same procedure may be used for neoplasms of the Uds, using the elec- 
trode knife, with the advantage that a “barrage” can be made at the 
periphery by partial coagulation which will prevent the escape of 
tumor cells from the diseased area. In many cases, however, excision 
of the tumor with plastic repair fa preferable. 

Large Tumors. — In large tumors requiring evisceration of the 
orbit, surgical diathermy * has long been used, because such coagula- 
tion blocks avenues of extension and may be performed with very lit- 
tle bleeding. For this purpose the use of two active electrodes fa advan- 
togoous (see Fig. 6), the indifferent electrode being replaced by a 
branched handle carrying two small electrodes a short distance apart. 
An intense heat fa generated only in the zone between these two elec- 
trodes. This allows complete destruction of neoplastic tissue without 
'kugw of bony necrosis which may occur after using the other meth- 
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ods by which the tone of radiation cannot be so accurately localized. 
A current of slightly over 500 roa. is necessary. Monbrun and Css team 
recommended that such large growths be destroyed in several sittings. 



Tm. t. — p / *orjk«} dlithmoy with tiro «c lire electrode*. (From Monhrafl *nd 
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This possibility of dividing the operation without fear of causing ex- 
tension is one of the great advantages of the method, as after the 
skrugh has separated, one can judge the necessity of further interven- 
tion. 

Orbital Cellulitis. — The Indications for medical diathermy in dis- 
eases of the eye are by no means well established. Perhaps the only 
condition in which it has advantages Is the occasional orbital cellulitis 
which does not localize well enough for incision to be effective. Here 
a large sheet of tin or aluminum is moulded to cover the region which 
is used as the active electrode, the still larger indifferent electrode 
being beneath the patient It must be remembered that the larger the 
active electrode, the leas beat is generated at any point, so that this 
method avoids a degree of heat dangerous to the eye, provided that 
only 300 to 400 ma. be employed, and the current reduced when- 
ever the heat becomes uncomfortable to the patient Treatments should 
begin with 5 to 10 minutes and should be increased to not over *5 
minutes, being repeated every two to three days. Marked relief from 
pain may result from such applications In the neuralgia of herpes 
zoster, and Monbrun and Casteran report good results in certain cor- 
neal ulcers, especially those following facial paralysis. It seems best to 
follow their advice not to employ diathermy in intra-ocular diseases, in 
spite of reported good results in relatively small numbers of cases of 
various conditions by Lfififer and Welitsch * and others. These authors 
employed the method In glaucoma, In which experimental evidence, 
according to the French authors, definitely contra indicates It. 

Since the turgical treatment of retinal detachment was shown by 
Gcnln to be practical, most authors have employed some form of 
electrocoagulation for this operation. The area surrounding the retinal 
tear which is almost invariably present is surrounded by areas of cnagu- 
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lation. This is administered either through the exposed sclera by the 
flat or ball-shaped electrodes of Weve, or directly into the choroid by 
the pins of Safar, Walker or Weve, which are forced through the 
sclera under a current of 60 to 75 ma. For surface coagulation of the 
sclera which is often employed with perforating diathermy, a current 
of 150 to 200 ma. is employed, each area being treated for five to six 
seconds. For the detachment operation the apparatus of Walker is 
satisfactory, but others generating higher current for electrosurgery 
may also be employed. 

The use of high frequency currents (electrolysis) has been em- 
ployed for treating retinal detachment by Vogt, Walker and others. 
Very careful localization of the retinal tears is Decessary, their edges 
being touched directly with fine needles generating high frequency 
currents of very low amperage, seldom over 1 to a ma. 

Instruments. — It is regrettable that instruments for diathermy are 
not standardized so that a stated dosage will be the same with all 
instruments. On account of variations in voltage and other factors, the 
dos« in mflliam peres given above will have only a relative value, 
indicating to the physician a very weak or very strong coagulating 
effect desired, from which he must calculate dosage with the machine at 
h& disposal. Fortunately the immediate local effect of the electrode on 
the tissue furnishes the best evidence of the total dosage required. 

The number of cases in the private practice of the average ophthal- 
mologist really Bultable for diathermy will be too small to warrant 
his obtaining the full equipment necessary. Such equipment, however, 
u now available in most modem hospitals and clinics, and the eye de- 
partment of many such institutions could easily obtain the slight addi- 
tional equipment necessary to treat ophthalmologic cases. Hence the 
nwdern ophthalmologist will wish to be prepared, so that be may per- 
^^ly supervise the use of medical diathermy or employ surgical 
diathermy in the occasional cases where they are definitely indicated. 

The Thejuiophoke 

A device for the accurate application of ordinary heat to lesions 
01 “le eyes and adnexa is the thermophore, described some 15 years 
by Shahan. This is on electrically wired unit which may be ad- 
I 10 desired temperature, with metal applicators to fit small 
lesions of various shapes and sizes. Post 10 has recently summarized 
some of its uses, emphasizing especially its effect in deep infiltrations 
cornea which are not accessible to antiseptic agents. Here a 
rpperature of 63 0 C. (145.4 0 F.) is applied for one minute. Small 
Pinulomas of the free lid border which are probably of the 
nature as chalazia yield readily to the same treatment, and 
, are sloughed off with a minimal scar following one or 

!uc ^ applications, he states. This instrument Is not so widely 
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used today, apparently, as it was soon after the perfected model 
appeared, and this is probably because the results in serpent ulcer, for 
which It was especially advocated, proved disappointing. 


X-Ray and Radium 

In the use of x-ray and radium, precautions against harmful effects 
on the ocular structures are even more important than in the forms 
of physical therapy previously discussed. The hard roentgen rays pene- 
trate the lids and cornea and are. absorbed in large part by the lens, 
where the resulting reaction has in a number of cases produced cata- 
ract. This has usually followed large doses given for carcinoma of the 
lids or for lupus. Stock 11 reports such a case In which glaucoma also 
developed following one irradiation of no per cent skin erythema 
dose, and another following repeated small doses. A fairly large num- 
ber of other cases have been reported and we now know that small 
repeated doses have a -cumulative effect, and that the lens changes 
may not appear for long periods after the irradiation, often not for 
one and one-half to three years. 

Individuals vary greatly in their susceptibility to x-rays, which 
must be remembered In considering the absence of lens changes ob- 
served by Blrch-Hirschfeld after intensive irradiation of animals and 
the statement of Radon and Schinx that 150 per cent skin erythema 
doses were tolerated by the eye without reaction in their cases. Dam- 
age to the lids and cornea Is also possible, the permanent loss ol cabs 
being a not uncommon and sometimes necessary result of irradiation 
for carcinomas of the lids. Stock quotes, besides his own, several cases 
of glaucoma apparently resulting from x-rays. 

Where the lids or orbit are to be treated, the globe should always 
be protected. Stock advises the use of M tiller’s lead-glass prostheses, 
which cover the corneas like artificial eyes. I have been informed, 
however, by roentgenologic colleagues, that the amount of lead in 
these prostheses Is insufficient for protection, and have used sheets of 
leadfofl moulded in the same manner. The glass reform eye filled with 
mercury which was used by Rohrschneider 13 gives a layer of mer- 
cury ample for protection, and is comfortably worn (Fig. 7). Pro- 
tection of the globe is not possible when neoplasms of the cornea or 
bulbar conjunctiva are treated, and hence surgery is more practical 
for these when possible. Small carcinomas of the lids, also, when seen 
early, may usually be excised completely with primary plastic closure 
of the defect, the cosmetic effect being as good and the time consumed 
much less than is required for irradiation. A recent patient with car- 
cinoma in the middle of the lower lid chose radium treatments in- 
stead of surgery, and I* apparently cured, but with a resulting defect 
involving half the lid which is at least tvdee as extensive as the area 
which would have been removed surgically, and will be twice as 
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difficult to close. When neoplasms involve the inner or outer angle, 
however, or are adherent to the bony orbit, removal presents a much 
more difficult problem and here radium or x-ray is definitely indi- 
cated. Large orbital neoplasms adherent to the orbital walls are often 
treated by evisceration of the orbit, followed by radium or x-ray. 
Regaud and associates 1# have shown that such previous surgery in- 
creases the danger of bony necrosis from subsequent Irradiation, and 
claim better results in cases where no surgery has been attempted. 
In treating such conditions, large amounts of radium or modern x-ray 
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equipment are necessary and they should be undertaken only by men 
who have had a great deal of experience in the treatment of malig- 
ninc y ■ Whether surgical diathermy should replace irradiation in many 
of these cases cannot yet be decided. 

Advantages of Radium and X-Rays. — K umer and SaHmann 14 
have summarized the respective advantages of radium and x-rays. 
The rays of radium are much more penetrating than x-rays, io cm. 
°* being necessary to absorb the former, as against 3 to 5 mm. 
°f lead for the latter. While it is thus more difficult to protect 
globe against radium, the small tubes of radium or its emanations 
n ^y be 10 placed as to exert most of their eflect cm the new growth 
Httle on the eye, and hence radium is to be preferred for small 
.turnon of the lids. It may be inserted into large orbital tumors in the 
jf”? radium needles, or as seeds of the emanation which are left 
of Ik! tQmor tiU their activity is exhausted. In these ways every part 
of be reached, and the danger to the globe, the function 

’ r aich is in any case usually doomed, need not be considered. Cer- 
^^neoplasmi are more sensitive to radium than to roentgen rays. In 
^Plasms covering large areas of skin, however, x-rays have the ad- 
coven " n 8 the whole area uniformly and since the rest of the 
a ™ the globe may be protected by lead, the irradiation may be 

«i»i 
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much more accurately confined to the desired area. In new growths of 
the bulbar conjunctiva and cornea, better results have been re- 
ported from the use of radium. The freedom of the globe from dam- 
age in most of these cases is apparently due to the small dosage neces- 
sary for the destruction of these growths and to the fact that the 
hard rays which penetrate the globe require for a harmful effect five 
times the dosage of the soft rays, which are mast effective in destroy- 
ing the tumors. 

Harmful Effects. — The harmful effects of overexposure of the 
eye to radium are practically the same as those produced by x-rays. 
About the same number of cases of keratitis, cataract, and glaucoma, 
most of which are mentioned by Kumer and Sallmann, have been re- 
ported after radium as after x-ray treatment The dosage which is 
tolerated Is apparently, according to these authors, somewhat higher 
than that of x-rays, 100 per cent skin erythema dose being about the 
upper limit of safety for one application and 300 per cent for the 
total dosage divided over a year. The lida must be considered espe- 
cially sensitive to radium, 60 to 70 per cent of a skin dose being guffi- 
dent to produce an erythema of this region and a full skin dose often 
causing considerable damage. The lash-border must be kept out of 
the field where possible. With x-rays. Stock cautions against a total 
of over 100 per cent erythema dose, unless the globe Is protected. 

Protection. — Although Kumer and Sallmann describe pros theses 
for the protection of the eye during radium treatments, they admit the 
Impossibility of adequate protection by any filters and recommend 
protection by careful removal of the applicators to the proper dis- 
tance from the globe by spedal devices. The only real purpose of the 
lead glass pros theses of M filler or the molds of paraffin placed under 
the lids as described by Hoed, Stoel and de Vries 15 is to hold the Hds 
away from the globe and so increase its distance from the radioactive 
agent. Greater distance Is obtained by mounting the tubes on wood 
blocks of various sires or In the spedal wax-composition blocks now 
being used In most radium institutes (Fig. 8). Most of the irra- 
diation therapy of eye diseases will naturally be performed by spe- 
cialists In this form of treatment, and many details of dosage and 
technic must be left to their judgment The ophthalmologist should, 
however, be familiar enough with the principles of roentgen and 
radium therapy to advise with the radiologist on his Individual cases 
which often present problems of protection or attack with which the 
latter may not be familiar. 

Conditions Suited to Treatment. — Vascular nevi about the lids 
are especially suited to treatment with radium. This is especially true 
of capillary hemangiomas, in which the cosmetic result Is usually far 
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better than can be obtained with surgery, and often almost perfect 
(Fig. 9). The earlier these cases are treated, the more readily do 
they respond, since the young vessels are especially sensitive to 
radium. Nevus flam me us, large blood cysts or hemangiomas supplied 
by large vessels do not yield so readily and some of these are better 
treated surgically. Xanthelasmas are usually easy to remove surgi- 
cally, with practically invisible scars, and it is only In the case of un- 
usually large ones that radiation will be considered. In spite of the 
favorable reports of many authors, Kumer and Sallmann consider 
them as not especially adapted to radium therapy. Carcinomas and 
sarcomas of the lids require no special discussion here, aside from 
what has been said as to the types suitable for irradiation (Fig. 
10). Detailed case reports, with Indications for and against roentgen 
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radium treatment. (Kumer and Sail naan.) 


and radium therapy, will be found In the monographs of Kumer and 
Sa llm a n n and of Stock, and In the article of Regaud and associates, 
previously referred to. 

Blepharitis. — Among the ophthalmologic conditions in which roent- 
gen therapy fa especially useful fa blepharitis of the more severe type 
which has proved refractory to the usual methods. Here two or 
three x-ray treatments will often entirely relieve a condition of years’ 
standing. A technic for which I am Indebted to Dr. J. Borghoff, of 
Omaha, Neb., has proved effective with my patients and has produced 
no harmful effects. The rest of the lids being protected by lead foil, 
the lid borders are exposed to a current of three milllamperes, with 




Ch*rt*r Ul ns 
nj 


X-Ray and Radium 

six-inch spark gap, at tight Inches’ distance, for 40 seconds to one 
minute. This is repeated weekly and usually three treatments are 
given. This is from one-fifth to one-half of the epilation dose. Other 
authors advise one-third of a skin dose as a routine for this condition. 
The lashes have never been lost, even temporarily, in my cases. The 
same method of treatment is used for cases of chronic dermatitis of 
the lids and is equally effective. The smaller of these doses Is usually 
sufficient for this condition. 

Pituitary Tumors. — The treatment of pituitary tumors is of espe- 
cial Interest to ophthalmologists, and here the question of irradiation 
often comes up. The adenoma is the only form of pituitary tumor 
that is responsive to irradiation, this treatment being of no effect 
in the Rathke's pouch type of tumor or in cystic tumors, and 
of little effect in meningiomas. Where these latter types can be 
ruled out, a trial of irradiation may be made. In some cases, such 
a trial may give diagnostic evidence as to the type of tumor, and 
in cases in which the patient refuses operation, a trial of irradiation 
is indicated unless a Rathke's pouch tumor can be definitely 
diagnosed. Roentgen therapy is usually the only method of irradiation 
to be considered, since radium therapy cannot be directed to the 
rite of the tumor without producing incalculable damage to the 
surrounding important structures. Only in the case of a tumor which 
has eroded the floor of the sella turdca, or where sellar decompres- 
sion has been done, may radium be used through the sphenoid region 
in addition to roentgen therapy. The technic, as used on my patients 
by Dr. A. F. Tyler, is as follows: 


Voltage 135 K.V. 

Distance 40 cm. 

Filter 5 mm. copper 

Amperage S nn. 

Time 40 rain. 


Such a treatment was given to each temporal area, with the tube 
t ^ rcc *ed to the sella turcica, a week being allowed between the treat- 
nients. After a month or more the treatment may be repeated. 

In cases which show further visual loss in spite of this treatment, 
no time should be lost In resorting to surgery. 

Brain Tumors. — In the case of brain tumors which are inoperable 
are damaging the vision In spite of decompression, a trial of 
deep roentgenotherapy may be made with the possibility that the 
tumor’s growth may be checked or that the resulting atrophy of 
choroidal plexus will diminish the pressure from on internal 
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hydrocephalus. A form of dosage for this, also furnished by Dr. Tyler, 
follows: 

Voltage 200 K.V. 

Distance 50 cm. 

Filter 0.7s mm. copper, 

1 mm. aluminum 

Amperage 4 ma. 

Time 100 to aoo min. 

This dosage Is divided between two lateral areas and is estimated 
for each case by the modified Dessauer charts. 


Intra-ocular. Diseases. — The use of roentgen therapy for intra- 
ocular diseases, especially tuber culo us Iridocyclitis and choroiditis, 
must be considered as still in the experimental stage. Since the lens 
cannot be protected in such treatments, there is always some danger 
of producing cataract, although this has been avoided in most cases 
by the use of small doses. Scheerer and Stock, after trying larger and 
smaller doses, settled upon 15 to 20 per cent erythema dose, repeated 
after seven weeks, as the most effective dosage which could be safely 
used. The long interval Is advisable to avoid the secondary reaction 
which often occurs after four weeks. Stock advises no more than a 
total of 60 per cent erythema dose in a year, divided into three or 
four applications. Stock and Scheerer, out of 38 cases, report some 
good results In very severe cases. The use of three-fourths 
erythema dose given during three weeks as advised by Gilbert, ac- 
cording to Stock’s experience would seem to be too large, and with 
that of Braun and Herrenbelser, one-sixth to one-eighth skin dose, 
the interval of seven days Is apparently not long enough to avoid a 
cumulative effect. These authors report three cases of tuberculous 
choroiditis treated with good results, but Stock has seen similar cases 
develop fresh lesions during treatment and considers the effect of the 
treatment in their cases as doubtful. Although, in the severe cases of 
tuberculous uveitis and sclerosing keratitis which have resisted other 
treatment, a trial of small doses of x-ray is apparently indicated, 
its use in ordinary iritis, as advised by Horvath, is certainly not nec- 
essary, as other perfectly safe methods are usually effective In these 
cases. 


Vernal Conjunctivitis. — A very definite indication for the use 
of radium exists In the still little understood condition of vernal con- 
junctivitis. A number of these cases are relieved of their symptoms 
by adrenalin, by intravenous Injections of afenil, or by desensltixation 
to some specific protein. Others, however, are not so relieved, espe- 
cially the cases with large flat papillae of the upper lid, and these 
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cases should be given an opportunity to try radium therapy, as many 
are relieved only by this means. I have used the technic recommended 
by Dr. Laura Lane of the Todd Memorial Institute, and in three very 
obstinate cases have seen almost entire relief from symptoms, with dis- 
appearance of most, if not all, of the papillae and their replacement 
by smooth scar tissue. Radium is much to be preferred to x-ray in 
these cases, the latter not having, apparently, the same effect on the 
condition. Loss of lashes has not occurred, in my experience, when the 
following technic, kindly furnished by Dr. Lane, was adhered to. 

Methods — In the palpebral form the following method of using 
radium in vernal conjunctivitis has proved effective. 

Amount: 15 to 20 milligrams of element or the same number of 
millicuries of radon are used with the following screening: 

Platinum 0.05 mm. 

Brass 1.00 mm. 

Rubber ix>o mm. 


The platinum may be used as the casing or cover of the element 
contained in a needle form or as the screen of a radon tube. This 
platinum container is placed in a brass capsule and the whole is cov- 
ered with rubber or dental dam. 

Distance: This tube is placed at one centimeter distance from the 
closed Hds. A piece of Columbian paste or gauze is placed between 
the tube and the lids to keep the radium at the proper distance. 

Duration of Exposure: The duration of the exposure is from one- 
balf to one hour, according to the age of the patient and the severity 
of the disease as well as the amount of radium used. The first dose 
is usually applied for only half an hour in order to judge somewhat 
the sensitivity of the patient 

Interval: The sitting is not repeated under 10 to 14 days, according 
to the response obtained and the severity and the duration of the 
disease. Three to four such sittings are given. It Is often necessary 
to lengthen the interval between sittings to three weeks. 

Direct Application: At the time of the above sitting, In addition 
to the radium applied through the dosed lid, a direct application to 
the everted lid is made- No screen is used other than the platinum. 
The amount of radium used is preferably a 15 mg. platinum needle. 
This is sterilized by placing it for a few minutes In a 10 per cent forma- 
lin solution, followed by 70 per cent alcohol and then by sterile water 
which is wiped off with sterile gauze. A few drops of a one per cent 
cocaine or butyn solution may be used to make the everting of the lid 
less unpleasant. The needle is moved slowly across for three minutes, 
*1 a distance of two millimeters. 

Rest Interval: After the third or fourth application, according to 
U* response and the severity of the disease, a rest is given for two or 
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more months. Then a Blmflar series of treatments Is repeated. The 
interval between these treatments is two weeks. In the more stubborn 
cases which have lasted for years and in those cases subjected to much 
previous caustic treatment, it is well to give a third series some months 
later, particularly later in the winter. 

Operation and Irradiation: When the papillae are very dense and 
cobblestone-like, much time will be gained and a more satisfactory 
response obtained by anesthetizing the palpebral conjunctiva and 
snipping off or rolling the papillae; then applying a five milligram 
varnish .applicator plaque, screened with one millimeter of rubber, at 
two millimeter distance, for three to five minutes at a sitting. Sittings 
are repeated at Intervals of two weeks for three doses. It is often neces- 
sary to follow this series by one of irradiation through the dosed lids. 
The application of the platinum needle by the direct method may be 
used instead of the plaque, the exposures being slightly longer but 
not exceeding io min. A needle plaque, of one or five milligram needles, 
can be used. 

Hypertrophic Bulbar Form: In the hypertrophic bulbar form of 
vernal conjunctivitis, the use of a io or r 5 mg. platinum needle (0.05) 
for three to five minutes, at two mm. distance once in 10 days for three 
doses, is recommended. A second series of treatments may be given in a 
month using In this series one millim eter of rubber to screen the 
needle. The radium must be kept moving constantly above the area 
being treated so that an even distribution of the rays Is obtained. Ex- 
cept In early cases, seen during the first year of the disease, screened 
applications through the lids will be necessary. 

Quick, 1 ' of the Memorial Institute, reported the results in 8 a cases 
of vernal conjunctivitis treated by irradiation, the largest series which 
I have found on record. His results were good, as 40 cases wcrc 
apparently cured, 25 of these having been seen after one to nine years, 
and 32 were definitely improved. He recommends a technic quite dif- 
ferent from Dr. Lane’s, an “active deposit” of radium emanation 
collected on lead foil, which is placed under the lids. Two hundred 
to 400 mtlllcurie minutes are used for each eye in a treatment, ana 
only a few such treatments at relatively short intervals are advised. 
Since the preparation of such “active deposit” is possible only in spe- 
cially equipped institutions, he suggests the use of plaques of the 
element prepared to fit under the lids, with protective metal back and 
handle, the element being held In place by shellac which gives slight 
filtration. He cautions against treatment through the lids, as Involving 
danger to the lashes and as requiring the use of harder rays with the 
resulting danger of producing cataract, of which he has seen several 
examples. Local infections of the lid borders must be cleared up as 
Irradiation in their presence is likely to be followed by corneal in- 
volvement. Repeated doses over long periods are also dangerous ,he 
believes. He concludes that In spite of the good results obtained, 
radium should be reserved for cases in which all other methods have 
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failed, on account of the dangers, especially to the lens, Inherent in 
its use. 

Woods 1 ** has recently described the use of radium emanations, 
tubes delivering almost exclusively beta ray's being employed. Such 
preparations are so superficial in their effect and so free from deeper 
rays that, according to Woods, 50 times the erythema dose might 
be given without danger of producing cataract He employs this 
method in vernal conjunctivitis and also in some chronic inflamma- 
tions of the sclera and anterior uveal tract, apparently with success. 
It is especially recommended in tuberculosis of the anterior segment. 
The dosage with this method varies but in general the emanation 
from 1 Gm. of radium is applied for a total of 35 to 40 seconds, thl3 
being divided into four to six weekly' doses. Such a course may be 
safely repeated after several months. 

I ntra -ocular Tumors. — In the case of intra-ocular tumors, glioma 
(retinocystoma) and sarcoma, the hopes aroused during the early day's 
of irradiation therapy have only in small part been fulfilled. Here, 
however, the danger of such treatment to an otherwise doomed eye 
ooed not be considered a contraindication, and since a few definite 
^res have been reported, Irradiation must be considered In certain 
Naturally, where only one eye is affected, enucleation is still 
*hsolutely indicated. It is only In bilateral glioma, especially' where 
fhe second eye is much less involved, or in sarcoma of the only seeing 
where enucleation Is decided against by the patient, that irradia- 
tion should be undertaken. In the case of glioma, this should be pre- 
ceded by enucleation of the first eye, unless both eyes are equally 
involved. Of a fair number of gliomas in which irradiation has been 
employed, most have shown a temporary decrease in sire of the tumor, 
followed by renewed growth and the usual outcome. Of those treated 
by radium and meso thorium, Kumer and Sallmann record only one, 
that of Scbfinberg, in which a cure was obtained with vision of 2/20 
~ter 10 years, during which a cataract developed and was extracted. 
h^hSnberg used 144 millicurie hours, followed in six months by 456 
m llllairie hours, and again, after two years, by 3,036 millicurie hours, 
Jrith filtration for the use of gamma rays. To this case must be added 
that of Benedict,” the patient being a child of four with a growth in- 
volving the retina from near the nerve forward almost to the ora serrata 
one ride. Six thousand milligram hours of radium were given, with 
peatmen ts repeated after six months until go ,000 milligram had been 
"The tumor disappeared, leaving only a flat scar and vision im- 
proved to 6/7. After five years lens opacities developed, reducing vision 
e* °/6°» but there was no recurrence. The diagnosis of glioma was con- 
rmed by sections of the enucleated first eye. While dosage must vary 
fih individual cases, in general it may be said that gamma rays should 
^ and that the method of cross-fire irradiation, with the 

n *h i °active substance at a to 3 cm. from the eye, is to be preferred. 
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One-fifth Bkin dose dally every second day for six to eight treatments 
Is recommended by Kumer and Sallmann, with further treatments 
after two to three weeks as indicated by the result obtained- A num- 
ber of cases of glioma treated by radium have been collected by Stal- 
Iard, 1 !* whose monograph contains valuable Information concerning 
Irradiation of other ocular conditions. The methods employed by him 
consisted in inserting radon seeds directly into the tumor through a 
scleral incision or applying them to the sclera directly over the tumor. 
Some encouraging results were reported, 

Roentgen therapy has to its credit only the one definite case of 
Verhoeff 11 and that of di Marzio. 18 The diagnosis In Hflgartner’s ap- 
parently favorable case was not made by sections of the first eye. See- 
f elder’s case,” quoted by Kumer and Sallmann as successful, showed 
retrogression of the tumor following 30 H. E. D., but It recurred later. 
In VerhoefFs case a very small growth in the second eye of a 17- 
raonths’ old child was treated by a “suberythema dose” repeated eight 
times during a year. Three years later only a small scar was visible 
and vision was about 30/30. No lens opacities developed in this case. 
I was able to examine this patient in Dr. Verhoeff’ s clinic, more than 
three years after treatment was begun. In a case reported by di Marzio 
a clinical cure was maintained for four years with preservation of use- 
ful vision by a 200 per cent skin erythema dose divided over several 
treatments. The first eye was enucleated. In another case a similar 
result was obtained but this has been under observation only five 
months. 

Stock advises 180 per cent erythema dose, but this will vary greatly 
with the case. Cataract cannot in most cases be prevented, but this 
should not preclude the giving of effective dosage, and has not af- 
fected the ultimate result In the successful cases, after radium. 

Although a number of mdanosarcomas of the choroid, occurring in 
the only seeing eye, have been irradiated, in none of these, so far as 
the author knowB, can a cure be claimed. R. Foster Moore 11 has re- 
cently reported an interesting case in which radon seeds were intro- 
duced Into the tumor through a scleral incision, with resulting marked 
decrease in the size of the tumor and vision 3/60 after one year. It is 
much too soon to speak of a cure in this case, but this method gives, 
perhaps, the best chance of success in these otherwise hopeless cases. 

Irradiation After Enucleation. — Irradiation of the orbit after 
enucleation for glioma or melanosarcoma has long been practiced by 
many ophthalmologists. Where careful examination of the enucleated 
eye, especially of frozen sections of the orbital end of the nerve In 
glioma, shows evidence of extension into the orbit or past the cut end 
of the nerve, irradiation is positively Indicated, usually after eviscera- 
tion of the remaining contents of the orbit. Even where such examina- 
tion shows no extension, some believe It safest to irradiate as a pre- 
caution, The necessity of this fa doubtful, however, especially in 
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melanosarcoma, since clinical experience has shown the rarity of local 
recurrence in this condition. Von Hippel, who has studied the subject 
carefully, believes it is sufficient to enucleate in these cases, and Wat- 
xold, who formerly advised postoperative irradiation in every case, 
finds that recurrences fall to appear even In some cases showing evi- 
dence of extension, so that he now joins in von Hippel’s opinion. The 
prevention of metastases by this means is doubtful, as i3 the preven- 
tion of glioma of the second eye, and since the scar tissue resulting 
from irradiation often makes the wearing of a prosthesis impossible, 
one hesitates to advise its use without more definite evidence of addi- 
tional safety afforded. Where extension has occurred, or where one Is 
in doubt, intensive x-ray or radium therapy should be given. Both 
methods have their advocates, and probably both methods should be 
used, radium needles or radon seeds being introduced Into the orbit, 
and x-ray in addition. The x-ray will allow the dose of radium to be 
kept small enough to avoid bony necrosis. Where evisceration has been 
done, x-ray alone Is to be preferred to avoid this complication. 

Multiple Lyjiphoxlas. — A condition which is especially sensitive 
to either x-ray or radium therapy is that of multiple lymphomas of 
the orbit. These growths, which are usually symmetrical and form 
puffy swellings of all the lids, fairly melt away under the influence of 
either of these agents, and In case of doubt as to the diagnosis, a 
trial of irradiation should be made. 

Grenz Raya. — A form of Irradiation therapy which has been ap- 
plied la ophthalmology Is the use of the Grenx rays described by 
Bucky. These are rays of a length between the short ultraviolet and 
the long x-rays, and ore absorbed almost entirely In the surface layers 
of the skin and mucous membranes, only 12 per cent penetrating 
deeper than 3 mm. Reports by Krasso 23 from the Meller Cl ini c In 
Vienna Indicate marked beneficial effects in dendritic keratitis, blepha- 
ritis, rosacea keratitis, superficial comeal ulcers and sclerosing kera- 
titis from this form of treatment. As compared with x-ray and radium, 
the method Is very safe, and further reports on its use will be awaited 
with interest. 

Pfeiffer ”* has employed Grenx rays in a large number of ophthal- 
offc diseases and observed encouraging results especially in superficial 
corneal ulcers and In sclerosing keratitis. 

Massage 

Is used chiefly in treating three conditions. In comeal ulcer 
jhc clearing of the corneal scar is probably hastened and promoted 
1 M massa K e of the eyeball with a finger held over the dosed 

(Plfi- ii). Two per cent yellow oxide of mercury ointment Is 
U5 ^d in the conjunctival sfic for lubrication and as a mild 
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irritant. The finger moves the lid back and forth over the cornea, 
such massage being kept up for five minutes three times a day. In 
glaucoma it is sometimes possible to keep the tension down to normal, 



Fro. zi. — Mum re of come* to tld In Fro. u. — D«p rnnup of eyeball to re- 
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esp>eciany after a filtering operation which does not produce quite 
enough effect, by massage. This forces fluid out of the eye, either 
through its normal channels, or through a small wound in the sclera- 
made at operation, in which case it collects under the conjunctiva to 
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form a small bleb. Such massage should be performed with the two 
forefingers which hold the eye between them beneath the lids, and 
axe alternately pressed In and released so as slightly to indent the 
globe (Fig. ij ). Just enough pressure should be used so that no pain 
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is caused. Pressure is made and released about thirty times and this 
is repeated two or three times a day. 

In chronic infections of the meibomian glands, fluid accumulates 
in their ducts, and the result is recurrent chalazion or a diffuse thick- 
ening of the lids. Chalazia may often be prevented and the infection 
helped considerably by massage of the lids. This fs done, as shown 
In Figure 13, by pressing with the two thumbnails on the skin side of 
the two lids which are held together and away from the globe. Pres- 
sure should include the whole lid border and should be continued until 
fluid ceases to come from the ducts of the glands at the lid border. An- 
other method Is to use a glass rod on the conjunctival side of the lid, 
which presses against a finger held on the skin side. 

Muscle Exercises 

In cases of squint of the nonparalytic type and of muscular im- 
balance, various types of exercise are used, most of them having the 
purpose of stimulating the defective fusion sense so that the eyes may 
be used together. In every case of squint the patient must first have a 
careful refraction, under a cycloplegic, and should wear his proper cor- 
rection at all times. This alone, in about half of the cases of convergent 
squint with hyperopia, will correct the defect, and is the most im- 
portant nonsurgical measure which we have against it The use of 
glasses is seldom effective in divergent squint If one eye remains 
constantly in the squinting position, an attempt should be made to 
Improve its vision by covering the other eye for two hours a day with 
a bandage or close-fitting eye patch. Probably a considerably better 
way is to cover the better eye constantly for periods of several days, 
checking the vision at Intervals and persisting in the occlusion as long 
as the vision improves. It is hard to do this where vision is very 
defective, as the child is then helpless and resists such treatment vio- 
lently. Many cases show no improvement on such treatment and it 
Is chiefly in very early cases, at the age of five to six. that an Increase 
of vision is observed. A trial of such occlusion should be made when 
a case is seen early, no matter how defective the vision, though this 
roay require considerable trouble and persistence on the part of both 
parents and physician. When a patient Is first seen after the age of ten 
or twelve, the prospect of improvement is much less, and after the 
*8® of sixteen improvement is seldom observed. Where the difference 
in vision of the two eyes is not very great, the use of atropine In the 
8°od eye for varying periods, which paralyzes its accommodation and 
P^oessitates the use of the other eye for reading, may be of some 
benefit, but is certainly not so effective as occlusion. 

Fusion Exercises.— -Children past the age of six, or unusually co- 
°T*rative younger children, may be suitable for the various types of 
mwn exercises. It is only in certain cases that benefit may be ex- 
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pected from such exercises. The squinting eye must have enough 
vision to see the objects used clearly, usually 20/200 or more, and it 
must be possible for the patient to see the images of both eyes at the 
same time. In many cases of squint the fusion faculty has become so 
defective that the image of the defective eye Is suppressed, exc ep t 
when the other eye is closed. 

Instruments . — By the use of prisms, with bases in for divergent 
squint, and out for convergent squint, the Images may be brought 
close together, so that they may be seen at the same time. Eventually 
the patient may learn to fuse them into one image. This is facilitated 
by many special Instruments. The cheiroscope of Maddox, by the use 
of mirrors, allows the images to be superimposed, no matter what the 
degree of squint, and small pictures or toys may be moved together 
on a board, or drawn, these procedures u tillring the movement of the 
objects to bring them into consciousness, and the simultaneous action 
of the hands and eyes to stimulate fusion. 

The amblyoscope of Worth makes use of movable tubes through 
which pictures are seen and fused by moving the tubes. If the 
tube for the defective eye is held over a bright light, its picture is 
brought more sharply into consciousness. These two instruments are 
suitable for the more marked degrees of squint In degrees less marked, 
and especially in cases of latent divergent strabismus, where one eye 
diverges only at certain times, the use of the ordinary stereoscope may 
be effective. Special charts are provided for this, such as the Wells and 
Guibor chart s made in America, Hamblin’s charts which are used a 
great deal in England, or Sattleris charts, published by Bergmann in 
Munich. The last are especially useful for small children, as they are 
so made as to give a marked impression of depth, and by changing the 
position of the cards, the relative position in space of certain parts of 
the picture is changed, so that the parent can tell when a child is cor- 
rectly fusing the pictures. The Wells charts, besides using pictures 
•which are partly defective, the defect in one being filled in by the 
image of the other, have a series of reading types in which the same 
principle is employed, smaller types being used as the exercises 
progress. 

Muscle Imbalance Exercises. — Such stereoscopic exercises may 
be occasionally useful in cases of slight muscle imbalance, or weakness 
of convergence, with symptoms of eyestrain. These cases are usually 
treated by simpler methods t h an those used in squint, the simplest 
being converging exercises in which the point of a pencil or a dot on a 
card Is slowly brought closer to the eyes until double vision occurs, 
and is then held off so that fusion Is just possible. It should be possible 
gradually to bring the object nearer to the eyes without diplopia. Such 
exercises should be continued for three to five minutes two or three 
times a day. 
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Another simple method is that of bar-reading, in which a pencil, or 
a ruler i cm. wide, is held halfway between the eyes and the reading 
print In such a way that the letters are seen behind the ruler. This is 
then moved along before the eyes and the print is read behind the 
ruler. The exerdse affords a constant stimulus to fusion. 

Instruments. — In muscle imbalance of various types, especially 
vertical imbalance, various instruments, such as the phorometer and 
kratometer, in which prisms of increasing strength are overcome by 
an effort of fusion, have been used. They are expensive and require 
frequent visits to the physician’s office, and for this reason few patients 
will persist in their use long enough to obtain much benefit. The ad- 
vantage of the simple stereoscope is that it may be given to the patient 
for use at home, and the same may be done with the amblyoscope. 

In weakness of convergence, Gould’s method of overcoming prisms 
with bases out may be used to advantage, prisms of increasing strength 
being loaned to the patient, who fixes an object at six inches and then 
hacks off from It to a distance of twenty feet or until diplopia occurs. 
The same method can be carried out in other cases of imbalance, as 
described by Berens and Losey. 

Evaluation. — The value of all these methods will depend greatly 
on the intelligence and co-operation of the patient, and it must be said 
fbat a great many cases will not be benefited. Patients with alterna- 
ing squint, for example, often find it Impossible to see both Images 
at the same time, in spite of all our optical aids, and In such cases noth- 
ing but surgery will affect the squint. The same Is true of marked de- 
grees of squint with very defective vision. A great deal of judgment is 
necessary to avoid putting many of these patients to needless expendl- 
ture of time and money before advising necessary surgery. In the 
cav? of imbalance, the correction can be made simply by prisms worn 
constantly in the glasses. 

RESUME 

After having reviewed the uses of various forms of physical therapy, 
the following rfaumi of common ocular conditions In which physical 
therapy is employed, with the form of treatment considered best for 
each condition, may help to clarify the material and facilitate its use 
m practice. To avoid repetition the reader is referred to the preceding 
text for the details of technic. 

Diseases of the Lids 

Hordeolum: 

Moist heat, incision. 
l halation: 

Incision and curettage. 

Ekdrocoagulation; if on the lid border, 200 to 300 ma. for one 
second. 
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Xanthelasma: 

Surgery is simplest In most cases. 

Thermophore may be effective. 

Radium is effective but requires care. 

Blepharitis: 

A trial of ointments and moist heat should be made. 

In resistant cases, x-ray is most effective. 

Trichiasis: 

Electrocoagulation: 150 ma. for cme second. If more than five or 
six lashes are affected, surgery is simpler. 

Dermatitis: 

X-ray Is effective in small dosage. 

Carcinoma: 

Surgery for small growth not adherent to the bone. 

X-ray where large areas of skin are involved. 

Radium for growth at lid border or in the inner or outer angle, 
with adhesion to bone. 

Nevus Flammeus, Hemanoioua: 

Radium, especially for capillary hemangioma. 

Surgery for hemangioma supplied with large vessels. 

Diseases of the Orbit 

Cellulitis: 

First 24 hours, cold packs. After this, moist heat and indsfou. 
Medical diathermy, 200 to 400 ma. for five to ten minutes may 
be tried. 

Carcinoma: 

Radium needles or tubes of radon imbedded in growth. 

Where orbit is to be eviscerated, electrocoagulation (surgical 
diathermy). 

Sarcoma: 

Electrocoagulation for evisceration of the orbit 
Lymphoma: 

Radium in plaques over the lids. X-ray may alio be used, but 
is not so effective. 

Diseases of the Conjunctiva 
Acute Conjunctivitis: 

First 24 hours, cold packs; after this, moist or dry heat 
Chronic MEmoums: 

Massage of the lids. 

Vernal Conjunctivitis: 

Adrenalin locally and calcium systematically should be tried first. 
Where symptoms are not relieved, radium (lee p. 26). 
Neoplasms of the Bulbar Conjunctiva: 

Surgery. Electrocoagulation may be useful if a weak current and 
a needle electrode are used. Radium Is dangerous here. 
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Serpent Ulcer: 

Local applications, atropine, keratotomy. In early ulcer, photo- 
therapy may be tried, using the carbon arc with uvlol filter. 

Herpetic Keratitis (Dendritic Ulcer) : 

Phototherapy using carbon arc with uvlol filter 8 to 10 minutes 
once a day. X-ray — 30 per cent erythema dose (1 to 2 treat- 
ments). 

Epithelial Dystrophy: 

Phototherapy may be tried. 

Degenerated Corneal Scar with Ulceration: 

Phototherapy as for herpetic keratitis. 

Sclerosing Keratitis: 

Phototherapy using carbon arc with uviol filter 10 minutes every 
two days. X-ray 15 to 20 per cent erythema dose, repeated after 
seven weeks, no more than three or four treatments being given. 

Carcinoma: 

Beta irradiation may be of value. 

Surgery is usually best, followed by careful use of electrocautery 
where the sclera or interior of the eye is involved. If this is 
refused, radium may be tried. 

Phlyctenular Keratitis and Keratoconjunctivitis: 

General treatment and atropine. The use of sun bath or general 
irradiation with the carbon arc or mercury vapor arc is of 
definite value In addition to other treatments. 

Corneal Scars: 

Massage of the cornea and the use of dionin are probably of as 
much value os anything in helping to clear scars. The use of 
iontophoresis has been advised, but Its value Is questionable. 

Diseases of the Iris and Ciliary Body 

Tuberculous Iritis: 

General treatment and atropine are most important. X-ray as de- 
scribed for sclerosing keratitis may be tried, but Is not without 
danger of causing cataract. Hence it is contraindicated in the 
ordinary forms of iritis and other diseases of the Iris and ciliary 
body. Beta Irradiation may be of value. 

Diseases of the CnoRoro: 

No form of local physical therapy Is probably effective. In tuber- 
culous choroiditis the use of sun baths or generalised light baths 
with the carbon or mercury vapor arc may be of value. 

Diseases of the Retina 

Glioma Retinae (Rettnocystoma): 

Enucleation of the first eye, followed by radium in the orbit if 
there is recurrence. 
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Xanthelasma: 

Surgery is simplest in most cases. 

Thermophore may be effective. 

Radium is effective but requires care. 

Blepharitis: 

A trial of ointments and moist heat should be made. 

In resistant cases, x-ray Is most effective. 

Trichiasis: 

Electrocoagulation : 150 ma. for one second. If more than five or 
six lashes are affected, surgery is simpler. 

Dermatitis: 

X-ray is effective in small dosage. 

Carcinoma: 

Surgery for small growth not adherent to the bone. 

X-ray where large areas of skin are involved. 

• Radium for growth at lid border or in the inner or outer angle, 
with adhesion to bone. 

Nevus Flammeus, Hemangioma: 

Radium, especially for capillary hemangioma. 

Surgery for hemangioma supplied with large vessels. 

Diseases op the Orbit 

Cellulitis: 

First 24 hours, cold packs. After this, moist heat and incision. 
Medical diathermy, 300 to 400 ma. for five to ten minutes may 
be tried. 

Carcinoma: 

Radium needles or tubes of radon imbedded in growth. 

Where orbit is to be eviscerated, electrocoagulation (surgkai 
diathermy). 

Sarcoma: 

Electrocoagulation for evisceration of the orbit 
Lymphoma: 

Radium In plaque* over the lids. X-ray may also be used, but 
is not so effective. 

Diseases op the Conjunctiva 
Acute Conjunctivitis: 

First 34 hour*, cold pack*; after this, moist or dry heat 
Chronic Mezbomjtis: 

Massage of the lids. 

Vernal Conjunctivitis: 

Adrenalin locally and calcium systematically should be tried first 
Where symptoms are not relieved, radium (see p. 36). 
Neoplasms of the Bulbar Conjunctiva: 

Surgery. Electrocoagulation may be useful if a weak current and 
a needle electrode are used. Radium Is dangerous here. 
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If the second eye Is involved, a choice may be offered between 
enucleation and x-ray or radium (see pp. 29, 30). 

Diseases of the Optic Nerve 

Not amenable to physical therapy. 

Intracranial Diseases 

Pituitary Tumor: 

If an adenoma is considered probable, roentgenotherapy may be 
tried, large doses being directed to the sellar region through 
the two temporal regions. 

Where vision fails in spite of one or more treatments, no time 
should be lost In advising surgery. 

Radium Is used only where the tumor has eroded the floor of 
the sella, or after sellar decompression has been done. 

Cerebral Tumors: 

When tumor is inoperable or has been only partially removed, 
decompression should be performed if the vision is being dam- 
aged. Deep roentgenotherapy may then be tried (see p. 25). 

Glaucoma: 

Not amenable to physical therapy, except for the relief of pain 
by heat or cold and the use of massage for promoting filtra- 
tion. X-ray and radium are contraindicated in the presence of 
glaucoma. 

Cataract: 

No form of physical therapy Is indicated. The danger of produc- 
ing cataract is one of the chief reasons for avoiding the use of 
radium and x-ray except where it is necessary and for the care- 
ful protection of the globe when this is possible. 

Diseases of the Muscles 

For the indications for muscle exercises, see p. 33. 
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CHAPTER TWENTY-FOUR 


PHYSICAL THERAPY IN OTOLARYNGOLOGY 
Joseph C. Beck, M.D., and M. Reese Guttxian. MJD. 

Introduction 

The extreme interest in physical therapy that is being manifested 
in general medidne and surgery Is also encountered within the realm 
of the otolaryngologist. The enthusiasm displayed has apparently been 
boundless. Commercial interests have aided In the production of a 
teeming literature in which many unwarranted claims have helped 
popularise this somewhat spectacular form of therapy. Physical agents 
undoubtedly have a decided field of usefulness in the treatment of 
otolaryngologic disease, but In no sense axe they a panacea. Many 
extravagant and irrational claims are found that often display an 
appalling lack of knowledge regarding the basic physics of the various 
energies employed and especially of their effects upon the human 
economy. Physical measures do not, as yet, constitute a system of 
therapeutics that can in any way supersede time-tried and scientifically 
evaluated measures In the treatment of disease and the alleviation of 
suffering. It follows that one must be extremely cautious of dogmatic 
assertions in such a young and as yet unproved branch of medical 
endeavor. The following reflects the views and beliefs of the writers 
as gathered from their experience with the various energies commonly 
employed. 

Otitis Exteen a 

Otitis externa exists In two well-recognlxed forms: otitis externa cir- 
cumscripta or a furunculosis of the external auditory canal, and otitis 
externa diffusa which, as the name Implies, is a nonlocalixing inflam- 
mation of the external auditory meatus. The offending organism most 
frequently seen in both types 3s the staphylococcus. The diffuse type Is 
frequently seen following trauma, such as scratching of the ear, and 
abo following an otorrhea due to middle ear suppuration. Not infre- 
quently the extension of a furunculosis of the canal may also result in 
a diffuse external otitis. The diagnosis of these affections Is easily made 
by inspecting the external auditory meatus, which will be found to be 
rtd and swollen. In the circumscribed form the Inflammation will ap- 
pear as a typical acuminate furuncle of which one or more may be 
present. The diffuse form will show as an Inflammation that entirely 
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ular, pustular, or papular nature, or any combination of these. The 
otologist most often sees the more or less acute conditions that result 
from the continuous exposure of the skin to an irritating middle ear 
discharge. The diagnosis, as a rule, is not difficult to make, but fre- 
quently the etiologic factor may be hard to determine. The recent at- 
tention that Is being given to allergy as a cause should be borne in 
mind. 

Treatment. — In the treatment of eczema the indications are to 
remove the cause and protect the Involved area from further irritation. 
The more chronic and indolent lesions require the use of stimulating 
agents, In which case physical therapy In the form of x-ray or ultra- 
violet irradiation may be of benefit. In the treatment of eczema fol- 
lowing an otorrhea it is decidedly important not to permit the discharge 
to collect about the meatus. The discharge should be gently wiped 
away with a cotton-tipped applicator or toothpick as quickly as it 
forms. The patient should be warned of the dangers of wounding the 
canal daring the use of these applicators. In the more chronic types of 
eczema, systemic measures for the regulation of the diet, and avoidance 
of exposure to offending proteins in the allergic types, are of impor- 
tance. Id those cases in which Assuring and oozing are pronounced, 
calamine lotion or the various dusting powders may be employed. 
Ointments containing line oxide or crude coal tar are of especial 

benefit 

Physical therapy may be of benefit in the subacute and chronic 
forms. Ultraviolet irradiation, given on alternate days, may be effective. 
The first exposure should be for one minute at a distance of ten to 
fifteen inches and the dose should be increased by one-half minute 
until a maximum of five minutes is being used. In the more stubborn 
types that do not respond to local medication and ultraviolet irradi- 
ation, benefit will sometimes be obtained by x-ray therapy. The x-rays 
riiould be applied in doses of one-fourth skin unit of the unfiltered ray 
at weekly intervals. It is important when using the various types of 
irradiation to cleanse the skin surface thoroughly and dispense with 
tfie use of any of the skin ointments or medications. It is also well to 
Protect the area about the ear by means of cardboard properly cut 
^d placed when using ultraviolet irradiation, or by means of heavy 
«ad foil when using the x-rays. 

Erysipelas or Auricle 

The practicing otologists see erysipelas of the auricle most fre- 
quently os a complication following mastoid surgery. It Is also ob- 
in the aged in conjunction with recurrent attacks about the 
bead aDd face. The diagnosis as a rule is not difficult to make. The 
initial chill followed by a rise in temperature and the appearance 
ievcr *I tours later of the characteristic elevated redness with its line 
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occludes the meatus. In both forms pain on traction of the auricle is 
present and is a pathognomonic sign that serves to distinguish these 
inflammatory conditions from an acute otitis media. 

Treatment. — The treatment should be as conservative as possible. 
Physical therapy In the form of infra-red irradiation Is the treatment 
par excellence. A twenty-minute session at least three times a day is 
advisable. In addition one may employ hot moist applications , using 
a saturated solution of magnesium sulphate or bode add. Aspirin, 
pyramid on, or even codeine may be administered for the pain. One 
should abstain from any irrigation or manipulation of the canal. If 
resolution or spontaneous rupture does not occur, the center of suppu- 
ration may be nicked, but not deeply cut, with a fine bistoury, pro- 
vided, however, that localization and liquefaction have occurred. After 
the incision one should avoid squeezing, mopping, manipulation. 
The use of the infra-red irradiation and the moist compresses should 
be continued after the incision. It should be emphasized that any 
trauma, Inducting extensive incision, before localization has occurred 
has been followed by grave complications and even death. 

Two relatively new measures have been advocated recently for 
both the treatment and the prevention of recurrent otitis externa. One 
is the use of Besredka’s antivirus Instilled Into the ear several times 
a day. The other is the application of tin ionisation to the external 
auditory canal. The technic employed Is similar to that used In chronic 
otorrhea. An insulated ear speculum such as is used for zinc ioniza- 
tion for the treatment of middle ear discharge is placed into the canal 
and then a solution of stannoxyl, which Is a mixture of tin and tin 
oxide, is instilled into the speculum and the canal. The positive elec- 
trode is attached to the wire in the center of the speculum arid the 
negative electrode Is held In the hand. The current should be gradually 
turned on until three to five mflliam peres are In use. This Is permitted 
to act for ten minutes and is repeated cm three successive days. Imme- 
diate relief from pain is said to occur. 

Recurrences are not at all Infrequent. They may be prevented to 
some extent by warning the patient strictly to avoid the use of matches 
or hairpins within the canal. During the quiescent Interval one may 
employ x-ray irradiation to the external canal. Instead of the x-ray, 
an erythema dose of ultraviolet irradiation applied by means of a 
quartz applicator may be tried. The use of Besredka'a antivirus la 
also said to prevent recurrence. 

Ecxeua ox Aukicle 

Eczema of the auricle may exist as either an acute or a chronic In- 
flammatory condition of the skin. It b frequently accompanied by 
severe Itching and sometimes is associated with a seborrheic derma- 
titis of the scalp or face. The lesion may be of an erythematous, veric- 
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insist on early and radical surgical removal by electro surgical methods 
and then the use of irradiation as an adjunct. It is well to excise 
the auricle wide of the growth with the tissue-cutting current and 
then to use the coagulating current upon the base. The x-rays or radium 
used preoperatively or postoperatively may add to one's security in 
establishing a cure. 

Otomycosis 

Otomycosis or otitis externa parasitica Is a dermatitis of the external 
auditory meatus due to a fungus infection, the most frequent offenders 
being either the Aspergillus niger or glaucus. It Is manifested as a 
marked irritation of the canal frequently associated with severe itch- 
ing and sometimes with attacks of pain radiating into the face. Upon 
inspection, the auditory meatus will be found to be red and covered 
with a peculiar moist speckled substance which has the appearance of 
wet blotting paper. The coating may be spotted with small black or 
brownish areas the size of a pinhead. The diagnosis is definitely estab- 
lished by culturing the material found in the canal upon Sabourraud’s 
media, when a characteristic growth will be obtained. 

Treatment. — The treatment consists of the use of exfoliating agents 
in the canal. A io per cent solution of salicylic arid in alcohol may be 
used twice a day for the period of a week. Physical measures may also 
be employed, especially in the more resistant cases and in those in 
which the affection tends to recur. Ultraviolet irradiation applied to 
the external auditory canal by an appropriate quartz aural applicator 
may be of benefit. 

Pruritus of External Auditory Canal 

This exasperating condition Is not infrequently present as a second- 
ary manifestation of some Inflammatory condition within the external 
auditory canal. It may, however, be unaccompanied by any dis- 
cernible pathology In the meatus. In these cases especially it is a most 
refractory condition. The patients who are so unfortunate as to be 
troubled with this affliction return at frequent intervals suffering from 
^ acute inflammatory otitis externa due to traumatizing the canal 
uith a match, hairpin, or similar object. In a few instances the pruritus 
disappears following the removal of an impacted molar. 

Treatment. — The treatment of the Idiopathic type is frequently 
unsatisfactory. Itching secondary to an otorrhea or otomycosis Is 
quickly relieved by proper attention to the primary condition. In 
the idiopathic types in which no pathology may be seen in the canal, 
it fa well to perform a thorough search of the trigeminal area for con- 
tact or pressure points that might cause pruritus through reflex action. 
Locally calamine lotion containing phenol may be instilled into the 
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of demarcation is a picture that cannot easily be mistaken for any- 
thing else. 

Treatment. — In the treatment the early use of anti-erysipelas serum 
is advocated. Locally one may employ ice compresses of a saturated 
solution of magnesium sulphate. In addition the edge of the spread- 
ing lesion should be painted with contractile collodion. These meas- 
ures may effectively prevent any progression. Recent reports indicate 
that physical therapy may be of benefit in erysipelas. Ultraviolet ir- 
radiation has been advocated and It has been recommended that one 
and one-half erythema dose be applied. With a good lamp this dosage 
may be effected by a 12 to 15 minute exposure at a distance of 100 cm. 

X-ray irradiation has also been utilized with apparently some bene- 
fit The irradiation should be administered in one exposure, the amount 
being a mild erythema dose, using a filter of two millimeters of alumi- 
num. According to published reports, a marked diminution in the 
symptoms may be expected within 24 hours by the use of either of 
these agents. 

Perichondritis, Chondritis, and Suppuration or Auricle 

These conditions most frequently follow trauma to the auricle, or 
an Infection In a hematoma of the auricle. They are also seen as 
complications of severe .external otitis in people that are below par 
physically or afflicted with some debilitating systemic disease, such as 
diabetes. The diagnosis is not at all difficult Systemic conditions must 
be appropriately dealt with. Locally infra-red irradiation and warm 
moist applications as described for inflammations of the external audi- 
tory meatus are advocated. When suppuration has occurred, incision 
and evacuation of the pus are necessary. It is well to warn the patient 
In advance of the possible shrinkage and deformity of the auricle 
that may follow. 


Malignant Disease or Auricle 

Card noma and sarcoma are the most frequent malignant tumors 
of the auricle that ore encountered in practice. The diagnosis Is def- 
initely established by biopsy of a portion of the growth. In the treat- 
ment, early diagnosis when the lesion fa small and well localized and 
without any metastases fa essential for a cure. Radium fa said to be 
of value in these conditions. If the lesion fa a basal cell carcinoma and 
fa more or less superficial, and if the underlying cartilage has not been 
involved, the use of about 75 to 150 mg. hr. of radium, with a i-mm. 
platinum and 4-mm. rubber screen, has been advocated. This irradia- 
tion may have to be repeated at intervals of one to three months. How- 
ever, we have not been Impressed with the results obtained by irradia- 
tion of other types of malignant growths. It has been our practice to 
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insist on early and radical surgical removal by electrosvrgical methods 
and then the use of irradiation as an adjunct. It Is well to excise 
the auricle wide of the growth with the tissue-cutting current and 
then to use the coagulating current upon the base. The x-rays or radium 
used preoperatively or post operatively may add to one’s security in 
establishing a cure. 

OxosrYcosts 

Otomycosis or otitis externa parasitica Is a dermatitis of the external 
auditory meatus due to a fungus Infection, the most frequent offenders 
being either the Aspergillus nigcr or glaucus. It is manifested as a 
marked Irritation of the cana l frequently associated with severe itch- 
ing and sometimes with attacks of pain radiating into the face. Upon 
inspection, the auditory meatus will be found to be red and covered 
with a peculiar moist speckled substance which has the appearance of 
wet blotting paper. The coating may be spotted with small black or 
brownish areas the size of a pinhead. The diagnosis is definitely estab- 
lished by culturing the material found in the canal upon Sabourraud’s 
media, when a characteristic growth will be obtained. 

Treatment — The treatment consists of the use of exfoliating agents 
fn the canal. A io per cent solution of salicylic add in alcohol may be 
used twice a day for the period of a week. Physical measures may also 
be employed, especially in the more resistant cases and in those in 
which the affection tends to recur. Ultraviolet irradiation applied to 
the external auditory canal by an appropriate quartz aural applicator 
nay be of benefit 

Pruritus of External Auditory Canal 

’This exasperating condition is not infrequently present as a second- 
ary manifestation of some inflammatory condition within the external 
auditory canal. It may, however, be unaccompanied by any dis- 
cernible pathology in the meatus. In these cases especially it Is a most 
refractory condition. The patients who are so unfortunate as to be 
doubled with this affliction return at frequent intervals suffering from 
fnflami ™»tory otitis externa due to traumatizing the canal 
^tn a match, hairpin, or similar object. In a few instances the pruritus 
^^ppears following the removal of an Impacted molar. 

'^ r 5 atm ent.— The treatment of the idiopathic type Is frequently 
"^atis factor}’. Itching secondary’ to an otorrhea or otomycosis is 
rc ^ eve d by proper attention to the primary condition. In 
It . *k°P al ^ c types in which no pathology may be seen in the canal, 
well to petform a thorough search of the trigeminal area for con- 
Loc*m.^ reSSUre P°’ nts that might cause pruritus through reflex action. 
Uxa uiy calamine lotion containing phenol may be instilled into tbe 
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meatus several times a day. Physical therapy in the form of ultraviolet 
irradiation has been of help. A short irradiation, applied by means 
of a quartz aural applicator, repeated upon three or four successive 
days, may help to alleviate the patient’s distress. The x-ray as de- 
scribed for chronic eczema may also be of help. i 

H erpes Oncus 

Herpes oticus, otitis externa herpetica, or bullous myringitis is a 
condition of the external auditory canal and tympanic membrane 
that is characterized by an eruption of more or less hemorrhagic bullae 
that are, as a rule, surrounded by an inflammatory base. They are most 
frequently seen during an Influenza epidemic and are supposedly due 
to an Infection of the geniculate ganglion with a filtrable virus. The 
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characteristic picture of the bullae and the normal hearing serve to 
differentiate this condition from acute otitis media. 

Treatment. — In the treatment the local use of phenol in glycerin or 
the topical application of metacresylacetate, aided by hot compresses 
of a saturated solution of magnesium sulphate or boric add. Is ad- 
vised. The bullae should not be opened. Physical therapy in the form 
of infra-red irradiation is helpful in relieving the pain. The exposure 
should last for at least 20 min, and be repeated several times a day. 

Otitis Media 

Suppuration of the middle ear is such a common condition that 
little will be mentioned regarding Its causation, symptomatology, or 
diagnosis. In the treatment of the early stages the use of Ao/ applica- 
tions and infra-red irradiation may lead to relief of pain and regres- 
sion in a limited number of cases. In addition, drainage of the middle 
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ear via the eustachian tube should be promoted by the use of ephe- 
drine solution within the nose. If the symptoms persist and bulging 
ensues, a myringotomy should be performed. After myringotomy the 
secretion should be aspirated from the canal by the use of capillary’ 
suction (Fig. i). The hot application and infra-red therapy should be 
continued, and In addition, antiseptic drops may be instilled into the 
meatus, The use of diathermy is contraindicated before the rupture of 
the drum, and after incision it is of little benefit Mass suction to the 
auditory canal is also to be deprecated as it may cause congestion of 
the parts and, not rarely, prolapse of the tympanic mucosa through 
the perforation. 

Acute Mastoiditis 

This condition presents a picture of an acute middle ear infection 
that has persisted for several weeks and is associated with persistent 
pain, mastoid tenderness, temperature, and loss of hearing. X-ray of 
the affected mastoid may show cloudiness or destruction of the mas- 
toid celL In the treatment the use of moist applications, radiant heat, 
and capillary suction as advocated for acute otitis media are recom- 
mended. If the symptoms show no tendency to ameliorate, or if 
signs of complications appear, surgery of the mastoid must be consid- 
ered. Medical diathermy is mentioned only to be condemned in such 
conditions. 

Following mastoid surgery, slow healing of the wound is sometimes 
seen. There is generally associated some systemic condition that must 
be corrected. Ultraviolet irradiation to the open wound has been advo- 
cated with the idea of stimulating the granulation formation and short- 
ening the time for healing. 

Chronic Otitis Media 

This condition is characterized by a chronic infectious process lo- 
cated within the tympanum or Its adneia. Two characteristics are of 
extreme Interest to the physical therapist, namely, otorrhea and hard- 
ness of hearing, and these will be treated as separate subjects. 

Chronic Otoerhea 

Chronic otorrhea should be considered as a manifestation of an 
infectious process within the tympanomastoid and the eustachian 
tube. The infectious process mav be restricted to the mucous mem— - 
brane or may affect the underlying bone. Certain complicating path- 
oi°gy may be tbe cause of the persistence of an otorrhea. Systemic 
peases, such as tuberculosis and syphilis, may be tbe offending 
‘actors. Locally the otorrhea may be aggravated or even caused by 
a pathologic condition in the nasal mucosa, the nasal sinuses, or the 
adenoid mass. In addition, local causes within the ear Itself must be 
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considered, such as granulations, polypi, caries, cholesteatomas, and 
even malignancies. An otorrhea presupposes a perforation within the 
drumhead. As a rule a central perforation, namely, one that does not 
touch the periphery, has a tendency to heal, while a marginal perfora- 
tion, that is, one that Involves the margin, has a tendency towards 
chronidty and the formation of cholesteatoma. The etiologic organ- 
isms are also important factors in the production and maintenance of 
.an aural discharge. Otorrhea following scarlatina, measles, or tuber- 
culosis is notoriously difficult to control. 

Treatment — In the treatment of otorrhea appropriate attention 
to such complicating pathology as may be located in the adenoids, 
sinuses, or nasal mucosa is of importance. Systemic disease, such as 
syphilis, diabetes, and tuberculosis, must also be properly dealt with. 
The use of generalised ultraviolet irradiation or natural heliotherapy 
is an adjunct that may be utilised with some benefit, especially in 
children that are below par physically. 

The local treatment consists in the strict avoidance of water within 
the ear and the use in Its stead of local capillary suction (Fig. i) for 
removing the secretions from the canal and tympanic cavity. Aqueous 
irrigations are best eliminated eicept under certain circumstances. 
Should irrigation be necessary, it is far better to utilize weak solutions 
of alcohol. For home use one might prescribe antiseptic drops contain- 
ing alcohol or ether in addition to phenol or tincture of iodine. These 
drops may aid both In dehydration and antisepsis. 

Granulations and polypi should receive proper care. Physical meth- 
ods have been widely advocated. As a rule, we have seen little or 
no benefit follow the use of local ultraviolet irradiation or medical 
diathermy, In spite of the enormous amount of literature dealing with 
the use of these agents in this condition. The physical measure of 
choice in the treatment of a chronic otorrhea is the use of tine iortisa- 
tion. However, its use Is indicated only in those certain simple types 
of uncomplicated otorrhea with relatively large central perforations. 
Cases of otorrhea due to chronic mastoiditis and cholesteatoma and 
cases with tiny central or peripheral perforations have been benefited 
in only a very small percentage of the cases, if at all. These conditions, 
therefore, contraindicate Its use. Its use is also unsuccessful if no atten- 
tion is paid to disturbances in the nasal sinuses or nasopharynx. 

Technic.— Prior to the use of zinc ionization the ear should be 
cleansed of any of its contained secretions by wiping or, better yet, by 
the use of capillary suction. In tine ionisation the patient must lie 
with the affected ear uppermost and a solution of zinc sulphate, 
one grain to the ounce, should be used to irrigate the ear. An appro- 
priate aural applicator (Fig. 2 ) is then placed in the ear and the 
positive pole of the galvanic apparatus is connected to the zinc wire 
within the applicator. The negative pole Is connected to a moist sponge 
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electrode or piece of lead foil that may be either held in the hand or 
firmly placed anywhere on the body. The current is gradually turned 
on until two to four milliam petes are being utilized. One should be 
guided by the tolerance of the patient and one should be ready to 
decrease the current immediately upon the appearance of a laby- 
rinthian irritation. The current should be permitted to flow from 10 
to 15 min. In many cases one such treatment may be sufficient to 
effect a dry ear. In other cases two to five stances may be necessary. 
In the intervals one may insufflate anhydrous boric powder or one 
of the iodine boric powder combinations. 
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Deafness 

Before undertaking the treatment of deafness in a patient it is 
absolutely essential to determine the type and, if possible, the cause 
°‘ the auditory impairment. Deafness due to obstruction of the 
p^emal auditory canal by a foreign body, impacted cerumen, or an 
inflammatory stenosis requires attention to the causative factor. 
H«ring difficulty may also be due to inflammatory processes within 
tympanomastoid and the associated eustachian tube and naso- 
The nature of the processes may be varied. The eustachian 
tube may be blocked by an adenoid vegetation or by stenosis within 
hs lumen. Such conditions require appropriate care. The middle ear 
be the seat of a serous or purulent exudate or of a postinflamma- 
tory adhesive fibrosis. The fluid content must be evacuated, especially 
iupT>u ration is present 
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Treatment. — Diatheehy. — Medical diathermy should never be 
used in case of an acute suppurative otitis media unless free drainage 
is present, and even under these circumstances its exact value is ques- 
tioned. We have been unable to note any beneficial influence upon 
the middle ear suppuration after indsion of the drum with the use 
of medical diathermy. 

It was thought that diathermy might ameliorate serous accumula- 
tions within the middle ear. In a small series of cases subjected to 
this form of therapy, no demonstrable improvement could be noticed. 
However, rapfd increase of the bearing took place upon paracentesis 
that was followed by inflation. One would, therefore, hesitate to recom- 
mend the employment of medical diathermy for a serous otitis media. 

Chronic adhesive otitis media is one of the prolific causes of hardness 
of hearing. Diathermy has been advocated in this form of hearing de- 
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crease on the assumption that it could cause the absorption of the 
effusions and softening of the in tra tympanic exudate and fibrosis. How- 
ever, the critical observer is somewhat skeptical of the ability of the 
relatively small amount of heat caused by medical diathermy to pro- 
duce such remarkable effects upon scar tissue. In actual practice 
such skepticism has been substantiated. In spite of many enthusiastic 
daims to the contrary, we have proved, to our satisfaction at least, 
that diathermy has caused little If any benefit In chronic otitis media. 
In a certain percentage of the cases that receive little benefit by this 
physical measure, some increase in the hearing was obtained by infla- 
tion and those cases that showed no response to inflation did not, as 
a rule, show any benefit after the use of diathermy. 

Otosclerosis was not influenced for the better. Not a single case 
subjected to diathermy showed any change in the bearing. In fact. 
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not a few of the patients complained of some increase in the intensity 
of the accompanying tinnitus. 

Labyrinthian deafness following inflammation or fracture was in 
no way Influenced by diathermy. It is inconceivable that any amount 
of heat could cause regeneration of the destroyed neuro-epithelium or 
absorption of the postinflammatory fibrosis. 

For those who may wish to try medical diathermy for deafness or 
tinnitus, the following technic is employed: The active electrode is 
placed over the mastoid region of the affected ear (Fig. 3) and the 
larger indifferent electrode over the opposite cheek (Fig. 4). Placing 
the electrodes in these positions causes the so-called diathermy beam to 
traverse the tympanum, the labyrinth, and the eustachian tube. Three 
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fo four treatments a week, each one lasting from 30 to 30 min., have 
advocated. The strength of the current should be gradually 
“creased, and It Is only rarely necessary to utilize more than 400 
01 5 oo ma. 

One may encounter disagreeable effects due to labyrinthian irrl- 
“tion which, when present, should cause an Immediate reduction in 
the amount of the current used. It is well to check the effect of the 
fitment by frequent functional tests and to discontinue the diathermy 
j *** benefit is manifested. Many patients suffering from progressive 
deafness will believe that they hear better after any type of treatment, 
though functional testing may show no impro\ementi 

X-Ray, — X-rays have been employed in two ways In the treatment 
deafness. In one the use of the so-called diminutive dose to stimu- 



lO ICtojUr ti 

xz [vtitM n 


Otolaryngology 


late the pftuftary.pineal, thyroid, parathyroid, and thymus glands has 
been advocated. The technic as described consisted of a cross fire via 
the back of the head, through the open mouth, and also through the 
sides of the head. The gratifying results claimed could not be sub- 
stantiated by most people. 

The second method consisted fn the use of a so-called sderolytic 
dose of x-ray to cause a reduction in the lymphoid structures situated 
about the postnasal space and the eustachlon tubes. This apparently 
more rational form of therapy may be of some aid In the restoration of 
hearing if the deafness is due to eustachian tube blockage by lymphoid 



tissue. However, it Is not as yet an accepted procedure and has been 
discontinued by many. For those that may wish to try it the technic 
as advocated will be described. n 

The patient should He on a table and the entire head (except a smalt 
area about one inch in diameter about the external auditory meatus) 
b protected by heavy lead foil. The exposed area Is subjected to 
x-ray irradiathn*vnih the following factors: 5 raa. at 8 kv. (root 
means square) through a r-mm. aluminum filter with the tube at a 
distance of 15 in, for 4# mlru The other side Is then irradiated in the 
same manner. 
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Method of Testing Hearing. — Audiometer. — This newer method 
of testing the hearing has been elaborated during the last several 
years. There are several types of audiometers, but the most popular 
Is the one developed by Harvey Fletcher (Fig. 5). It consists of a 
thermo-ionic tube dreuit In which the tube Is placed Into oscillation. 
By varying the electrical constants of the dreuit, one may make the 
emitted tone assume various pitches which range, In this certain type 
of audiometer, from 64 double vibrations to 8,192 double vibrations. 
A suitable mechanism so calibrated as to record the bearing deficiency 
In a loss of sensation units is incorporated into the dreuit for vary- 
ing the intensity of the tone. In using the instrument the bearing 
for each ear is tested separately. The patient places the receiver 
against his ear and the switches are set in contact so that the various 
tones may be produced. The Intensity of these tones is gradually 
reduced until the patient can barely perceive them and the loss in 
sensation units Is read directly from the Instrument and charted 
upon a graph (Figs. 6, 7, 8, 9). In general, certain graphs may be 
more or less characteristic. A conduction type of deafness will show 
a graph in which there Is a relatively large hearing loss In the lower 
tones while the upper tones may be uninvolved. Nerve deafness will 
diow a hearing loss in the upper tones while otosderosls may show 
a hearing loss that Is most pronounced in both the upper and lower 
registers. 

Tinnitus Aurium 

This deddedly harassing condition is one with which the otologist 
is frequently confronted. It should be considered as a symptom and 
not as a definite clinical entity. It may be due to systemic disturb- 
such as variations in the blood pressure, blood dyscraslas, ar- 
teriosclerosis, syphilis, and other organic diseases. Local conditions 
about the ear may also be associated with tinnitus. Impacted cerumen 
or foreign bodies, especially Insects, may give rise to this disagreeable 
symptom. Suppurative processes in the middle ear and their adhesive 
requelae may also cause tinnitus. Otosderosls and labyrinth! an dis- 
turbances are attended by tinnitus In most cases, and certain Intra- 
c mnlal conditions, such as acoustical tumors, may also be the cause 
of this symptom. It follows that the treatment must depend first upon 
an accurate diagnosis as to the cause of this condition and its proper 
elimination. Diathermy is a physical measure that has been repeatedly 
^'•‘Ocnted. Unfortunately, in the authors’ hands it has been attended 
*ith but little success. In fact, in not a few cases the tinnitus was 
a ® l j ava t e d by the treatment. The technic by which the diathermy is 
°PPd«l is similar to that described under middle ear and mastoid 
A^nse; that is, the electrodes are used over the mastoid region of the 
3 futed ear and the opposite cheek respectively. Twenty-minute treat- 
should be repeated nt appropriate intervals. In those cases of 
unitus associated with hypertension, one may try’ autocondensation. 
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Testa of Labyrinthhui Function. — Caloric Technic. — The laby- 
rinth may be tested in the classic manner by douching the ear with 
either hot or cold water. It is customary to use cold water at & tem- 
perature of 20 ° C. ( 68 ° F.), and to note the time required for the 
production of a nystagmus and the associated symptoms of vertigo, 
nausea, pallor, and sweat Selective stimulation may be obtained by 
placing the head in a proper position. With the head bent uo° for- 
ward or 6 o° backward, the horizontal canal on the irrigated side trill 
be affected. With the head bent 30 s forward, the vertical canals will 
be affected. In the presence of tympanic suppuration or a suspected 
labyrinthian fistula, the irrigation would, of course, be contraindicated. 
In such cases one may employ the galvanic current as a source of 
stimulation. 

Galvanic Technic. — The patient must be seated and must look at 
a distant object The anode from a galvanic apparatus is held firmly 
in the hand and the cathode is applied to the tragus. The current 
should then be gradually turned on. The normal labyrinth will respond 
to a current of from four to six milliamperes. In case of hyperesthesia 
of the labyrinth, the response may occur with as little as one mil- 
liampere. In bypofunctlon of the labyrinth, a current strength of more 
than six milliamperes may be required. 

Rhinophyha 

Rhinophyma presents such a characteristic picture that no de- 
scription will be attempted. If the lesion is small and well localized. 
It may be entirely destroyed by electrocoagulation. The larger and 
more extensive growths should be removed by careful shaving with a 
razor, such as la used for the Thiersch graft, until the normal contour 
of the nose is obtained. The profuse bleeding that follows may he con- 
trolled by the use of a fine electrocoagulation current over the bleeding 
surface or by the use of hot packs. 

Furuncle of Nose 

This condition most frequently follows the removal of one of the 
vibrissae from the vestibule of the nose. There results a folliculitis 
about the hair follicle which tends to remain localized. However, if 
the vibrissae are subjected to trauma, such as deep incision or squeez- 
ing. grave complications may occur. The venous ch a nn els about the 
site of the furuncle communicate directly with the veins of the orbit 
via the angular vein and an extension of a thrombophlebitis upwards 
along the anguiaris following the manipulation of a furuncle may 
produce a cavernous sinus thrombosis with its fatal outcome. 

Treatment. — The treatment consists of the strict avoidance of any 
local manipulation Incision is to be condemned. Local applications 



Acute Rhinoalnuaitis 


Oi«pt»r It] 17 

of hot compresses, using a saturated solution of magnesium sulphate 
or boric add, are recommended. Infra-red trradiattons for 20 min. 
several times a day are helpful in promoting localization and relieving 
the pain. It is far better to permit the furunde to rupture spon- 
taneously. If symptoms of high fever associated with toxemia appear, 
one must consider ligature of the angular vein high up alongside of 
the nose in order to ward off possible extension of a thrombophlebitis. 
X-ray treatment si m ilar to that employed for carbunde may also be 
utilized. 

Epistaxis 

Nasal bleeding may be due to a variety of causes, both local and 
systemic. Hypertension, blood dyscrasia, scurvy, sderosis of the liver, 
and typhoid fever are a few of the general etlologic factors. Locally 
epistaxis may be due to nasal ulceration or malignancy. It is very 
frequently due to the pemirious habit of nose-picking. There soon 
results an abrasion of the septal mucosa with subsequent bleeding. 
By far the greatest number of cases of epistaxis is caused by a 
telangiectasia in the region of the anterior lower portion of the nasal 
septum, which is known as Little’s or Kiesselbach’s area. This bleed- 
ing may, as a rule, be controlled by the topical application of chromic 
add bead ot the use of the galvanocautery. The bleeding site should 
Be anesthetized with a 10 per cent solution of cocaine and the area 
gently touched. When using the galvanocautery the point should 
Dever be heated to a wb : te glow as in such cases the cautery tip will 
cut rather than cauterize. 

Radium has also been advocated. It is used to produce an obliterat- 
ing fibrosis of the telangiectatic vessels. The dosage that has been 
described Is 75 to 100 mg. hr. of the radium element. After proper 
Cocalnization, a 25-mg. capsule screened with 0.5 mm. of platinum, 
Brass, and gutta-percha is placed beside the lesion and permitted to 
■ct for 3 or 4 hrs. If necessary, a similar application may be re- 
peated from 4 to 6 weeks later. The exact value of this procedure 
Bas not as yet been definitely determined. Electrocoagulation has 
been advocated In this region for the purpose of destroying these 
vessels. Extreme caution is advisable in the use of this powerful 
agent since not a few cases of septal perforation have followed its 
uw - The galvanocautery is recommended in preference to electro- 
coagulation. 

Acute RnTNOsmusms 

This condition is characterized by acute Inflammation of the mucous 
^embrane of the nose. In practically every rhinitis or “cold” the 
are involved at the same time. The symptoms are well known, 
chilly sensation, malaise, nasal blockage and discharge, together 

•-Ba more or less severe headache, are the usual complaints. Upon 
,n *pection the turbinals are swollen and edematous, preventing a good 
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inspection of the deeper parts. In addition the mucopurulent dis- 
charge is present. An x-ray taken at this time may show a slight hard- 
ness or even distinct cloudiness of the paranasal sinuses. 

Treatment. — In the treatment, systemic measures may be of de- 
cided use. A hot bath followed by a glass of hot lemonade and the 
exhibition of empirin compound are measures that may promote free 
sudoresis. Liquids should be forced, and measures should be taken to 
evacuate the bowels. Locally the nose should be treated by instilling a 
three per cent aqueous solution of ephedrine by means of a dropper or 
an atomizer. The resultant shrinkage of the nasal mucosa will promote 
ventilation and drainage of the sinuses. Ephedrine Is best used at four- 
hour intervals. Between treatments, mild silver antiseptics, such as 
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argyrol or neosflvol, may be dropped Into the nose. Physical measure 
may be of aid. Capillary suction, for which a nasal suction tip Is used 
(Fig. i), is frequently of aid In removing the secretions from the nose. 
Infra-red irradiation! over the face and sinus areas may also be of 
help. Twenty-minute exposures several times a day are advocated. 
During the exposure the eye should be covered with moistened gauze. 
One may also employ the Bruenmng electric head cabinet (Fig. io) for 
a similar purpose. The cabinet Is constructed so as to fit about the 
head. On the Inside are electric li gh t bulbs which are the source of the 
heat. Results obtained by the use of the Brueming cabinet are In no 
way superior to those obtained with the customary type of therapeutic 
beat lamp. Diathermy, while advocated, has not proved of much bene- 
fit In these conditions. 

In children general body irradiation with ultraviolet rays is said 
to prevent recurrent attacks of rhinitis. 
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Chronic Hypertrophic Rhinitis 

This condition is the familiar "catarrh” that the rhinologlst is fre- 
quently confronted with. There exists a state of chronic turgescence 
or hypertrophy of the nasal mucosa, especially about the inferior 
turbinate. Repeated colds and dietary deficiency may have something 
to do with its production. Sinus pathology is frequently associated 
with it and may be the basic cause. The most pronounced symptoms 
m a nif ested are impairment of nasal respiration and nasal discharge. 

Treatment. — In the treatment of this condition any systemic dis- 
ease or dietary deficiency should receive adequate consideration. The 
paranasal sinuses require Investigation and treatment if at fault. 
Local measures applied to the nose, such as shrinkage with ephedrine 
and the use of the Dowling argyrol packs, may be of service. 

Physical measures have also been advocated. Medical diathermy 
has been of little or no benefit, in our hands, at least. When a large 
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bulbous inferior turbinate is the cause of the difficulty In respiration, 
it may be reduced In some instances by the use of the galvanocautery. 
A special nasal cautery tip (Fig. n) is heated to a bright red and the 
mucosa of the turbinal seared after proper anesthesia has been ef- 
fected. It is well to place two parallel sears along the entire length 
of the medial aspect of the turbinate, as well as one under its inferior 
“Pcct After the cautery one might take the precaution to insert a 
piece of wax paper sterilized by Immersion in bichloride or alcohol be- 
tween the turbinate and the septum in order to prevent the formation 
of a synechia. 

Intramural Electrocoaoulation or Turbinates. — One of the 
*«««* has recently elaborated a method of electrocoagulation of 
me turbinal to be used In place of the cautery. The cautery has the 
m**dvantage of being followed by a marked reaction and by the for- 
mation of crusts and sometimes of adhesions. Secondary hemorrhage 
o xIjo not unknown. The method advocated has none of these disad- 
A special needle electrode (Fig. ia), made by insulating a 
f00 8 surgical needle with a special bakelite compound within a milli- 
°f its point, Is used. The needle electrode is fitted into one of 
T* cu *tOTnary handles and connected to a diathermy machine. In use 
k inserted into the head of the inferior turbinate and carried 
the medial aspect of the bone towards the posterior extremity 
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of the turbinal (Fig. 13); then, by means of a foot switch, the current 
{s turned, on and the needle Is slowly withdrawn. One may also Inter- 
rupt the current at varying Intervals. Two such coagulations are placed 
within the turblnal along its medial aspect, and one coagulation, along 
its Inferior aspect (Fig. 14). Before the needle Is used on the patient, 
the strength of the current is adjusted by trying it on a piece of beef. 
The proper current Is found when one is able to produce an area of 
coagulation of about one or two millimeters around the needle point 





Fin. 11. — Guttnuu) electrode for lEt_r»mur»l elect rocoejuiaUon o! the Inferior tartfanU- 
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While many gratifying results have been obtained, the use of 
this method has not been observed sufficiently long for its value 
to be definitely ascertained. The danger of infection within the cavern- 
ous tissue or of osteomyelitis of the turbinal bone, due to destruction 
of the periosteum, has not been lost sight of, but as yet has not oc- 
curred. Theoretically any Infection introduced with the needle should 
have been destroyed by the coagulation and further, the amount of 
periosteum that may be Involved in the coagulation is only about a 
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millimeter In extent so that the slight loss of the nourishing mem- 
brane may not be of practical importance. 

Zinc Ionization. — Zinc ionization has also been advocated as a 
measure that may decrease the discharge and relieve obstruction. Its 
exact value has not as yet been definitely established, but it is well 
worth a trial. The nose is first cleansed by capillary suction and the 
entire nasal chamber is packed with strips of gauxe impregnated with a 
one per cent solution of tine sulphate. A flexible wire is fixed into the 
packing and connected to the positive terminal of a galvanic appara- 
tus. The negative terminal is suitably applied to the patient’s arm, the 
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current is then gradually turned on until about 10 ma. are being 
utiliitd, and this is permitted to act from io to 15 min. while tbe 
current is slowly decreased. The pack is then removed. The mucosa 
he found to have a shrunken, grayish appearance. Improvement 
u said to manifest itself within a week, although the symptoms some- 
times may be aggravated for a day or two. In obstinate cases the 
procedure should be repeated at weekly intervals. 

Ate opine Rhinitis 

clinical picture of fetor ex nasi, associated with the intranasal 
acc umuIatIon of greenish crusts and the “roomy” nppearance of tbe 
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nasal fossa, Is so characteristic that no further description will be 
attempted. 

The coca-bacillus of Prez and Abel is supposedly the offending 
organism and is found fn conjunction with many other organisms, 
especially the pseudodiphtheria bacillus. 

In the treatment measures that aid In the removal of crusts are indi- 
cated. Various stimulating medicaments may be applied locally. Vac- 
cine therapy has not been successful Operative measures to decrease 
the roominess of the nose, such as the submucous implantation of 
ivory or various other procedures for moving the lateral nasal wall 
towards the midline, have been advocated with excellent results in 
many cases. This is especially true in ivory implants. Physical methods 
have also been utilised. The use of Intranasal quart* has been attended 
with but little success in the authors’ hands. More promising is the use 
of radium. Two 50-mg. tubes of radium screened with 0.2 mm. of 
platinum and enclosed In a i-mm. brass tube are Inserted against 
the lateral wall of the nose for one hour on each side. Within a week 
an acute reaction wDl occur which subsides within two or three weeks 
with a decrease in the fetor and scab formation. Three to five such 
treatments may be given at appropriate intervals. Sufficient experience, 
however, has not been had with this method, so that further trial is 
necessary before its worth can be definitely evaluated 

Intumescence ot Inferior Tukbinal 

This very common condition, which Is undoubtedly due to a vaso- 
motor Instability, is manifested as an alternating impairment of nasal 
respiration. The turblnal, although engorged, shows little If any 
other change. The condition occurs most frequently In sensitive and 
highly nervous patients who are frequently oversexed. It may be due 
to an endocrine imbalance or aCergfc state. The turbinate shrinks 
readily upon the use of ephedrine or cocaine. In the treatment sys- 
temic measures are of importance. In addition one may otlllxe the 
galvanocauUry, intramural electrocoagulation, or tine ionaatlon of 
the turbinate, as described above. 

Chronic Sinusitis 

It is beyond the scope of a work such as this to describe even 
briefly the various factors involving the etiology, symptomatology, 
pathology, and diagnosis of the various diseases of the paranasal 
sinuses. Instead, there will be discussed only those pertinent physical 
procedures that are of value In the diagnosis or treatment of the 
affections. 

Transiflumi nation. — By transillumination one ein obtain some 
Idea as to the extent or sire of a sinus, as well as some conception as to 

Tn«rrt — Color — ft** j , s. 4. 
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the pathologic process that may be found within Its confines. The pro- 
cedure consists of passing a strong light through the nasal cavity by 
means of an appropriate transilluminator. The trontal sinuses may be 
fflmnlnated by placing the transilluminator into the superior internal 
aspect of the orbit (Fig. 15), well up against the frontal bone. The 
procedure must, of course, be carried out in a dark room. In health the 
entire sinus will show an even red illumination. However, if the sinus 
is absent, or If it contains pus or is lined by a thickened pathologic 
membrane, the illumination will be absent or decreased, depending 
upon the condition. One must always illuminate the opposite sinus 
and use it as a basis of comparison. 

The maxillary sinuses may be transilluminatcd by placing the 
transUluminator within the mouth. One must remember to remove all 
artificial dentures. Normall} r there should be an area of illumination 
about the antral regions, a slightly darkened area over the malar 
process, and above this another illuminated region under the eyes. 



Fu. 15 Fra. 16 

Fra. is- — T ramfflumtn- Uon of frontal ifarata. 
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In addition there is frequently found a red reflex In the pupils. In 
pathologic conditions the illuminated portion will show varied de- 
grees of shadow, depending upon the degree of pathologic process 
present. - One may also place a transfilumlnator behind the rim of the 
(Fig. 16) and note the presence or absence of illumination within 
f he mouth in the region of the palate. It is well to remember that in 
«fly pathologic or atrophic processes of the sinus mucosa, the illu- 
mination may approach the normal and also that in well-healed 
membranes the traniillumination may be decreased and even absent. 
Transitlumination should be used only as any other laboratory aid, 
TxaJr *ty, as a means of confirmation in establishing a diagnosis. 

. ^entgenogmms. — X-rays should also be used as an aid in estab- 
Usmng or confirming the diagnosis; especially since the advent of 
j' opaque oils, we have a means at our command that may give us 
^biuje details as to the nature of the pathologic membrane lining 
5 ' n uscs. The use of the radiopaque oils is a definite refinement in 
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nasal fossa, is so characteristic that no further description will be 
attempted. 

The cocci -bacillus of Prez and Abel is supposedly the offending 
organism and Is found in conjunction with many other organisms, 
especially the pseudodiphtheria bacillus. 

In the treatment measures that aid in the removal of crusts are indi- 
cated. Various stimulating medicaments may be applied locally. Vac- 
cine therapy has not been successful. Operative measures to decrease 
the roominess of the nose, such as the submucous implantation of 
ivory or various other proordures for moving the lateral nasal wall 
towards the midline, have been advocated with excellent results in 
many cases. This is especially true in Ivory implants. Physical methods 
have also been utilized. The use of intranasal quartz has been attended 
with but little success In the authors’ hands. More promising Is the use 
of radium. Two 50-mg. tubes of radium screened with 0.2 mm. of 
platinum and enclosed in a i-mm. brass tube are inserted against 
the lateral wall of the nose for one hour on each side. Within a week 
an acute reaction will occur which subsides within two or three weeks 
with a decrease in the fetor and scab formation. Three to five such 
treatments may be given at appropriate intervals. Sufficient experience, 
however, has not been had with this method, so that further trial is 
necessary before its worth can be definitely evaluated. 

Intumescence or Inferior Turhinal 

This very common condition, which is undoubtedly due to a vaso- 
motor Instability, is manifested as an alternating Impairment of nasal 
respiration. The turblnal, although engorged, shows little if any 
other change. The condition occurs most frequently In sensitive and 
highly nervous patients who are frequently oversexed. It may be due 
to an endocrine Imbalance or allergic state. The turbinate shrinks 
readily upon the use of epbedrine or cocaine. In the treatment sys- 
temic measures are of Importance. In addition one may utilize the 
galvano cautery, intramural electrocoagulation, or sine ionisation of 
the turbinate, as described above. 

Chronic Sinusitis 

It is beyond the scope of a work such as this to describe even 
briefly the various factors Involving the etiology, symptomatology, 
pathology, and diagnosis of the various diseases of the paranasal 
sinuses. Instead, there will be discussed only those pertinent physical 
procedures that are of value in the diagnosis or treatment of the 
affections. 

Trans Illumination. — By transUIumination one can obtain some 
Idea as to the extent or size of a sinus, as well as some conception as to 
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Capillahy Suction. — Various methods of giving aqueous irriga- 
tions have been utilized in the past, but they have been condemned 
except in certain conditions. The deleterious effect of aqueous irriga- 
tion upon the nasal sinus and mucous membrane has been fairly well 
established both by experimental study and clinical observation; there- 
fore we advocate the use of capillary, suction in order to evacuate 
secretions from within the nasal chambers. The source of the vacuum 




rnay be the various power pumps or one of the several types of water 
suction pumps (Fig. 19). An appropriate handle (Fig. 1), such as 
the Beck, is necessary. Upon it one may attach relatively large-bore 
nasal suction tips or the finer-bore aural tips. One may also attach to 
the handle a trochar that has been Introduced into the antrum in order 
to remove the contained secretions. One may likewise employ the large 
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diagnostic technic. By these means definite dnta regarding the size, 
shape, and position of a sinus can be obtained. Moreover, a due may 
be found as to the presence or absence of a pathologic process within 
the sinus cavity. The use of the oil Is espedolly helpful in distinguish- 
ing hypertrophic membranes, cysts, tumors, and mucoceles of the 
sinuses. Furthermore, by studying the time Interval required by a 
sinus to rid itself of the radiopaque oil, one may obtain some idea 
as to the functional activity of the dliary mechanism. A normal sinus 
should empty itsdf within from 72 to 96 hr. Should a longer time be 
required, obstructions to the sinus ostium or pathologfc Impairment 
of the ciliary membranes must be considered. The radiopaque oil may 
be introduced Into the sinuses by means of a suitable trochar or the 
displacement method of Proeti. 

Diagnosis, — Displacement Ijuuoation. — For diagnosis, one may 
employ Uplodol -or bromodol. An x-ray taken with the' contrast fluid 
within the sinus will aid in giving information regarding the patho- 
logic status of the sinus membrane as well as the functional activity. 
In therapy one may employ various medicaments to affect the sinus 
membranes. A one-half per cent solution of ephedrine may be used to 
cause shrinkage of the mucosa and a five per cent solution of neo- 
silvol may act as an antiseptic. Besredka’s antivirus may also be used. 

Treatment. — Displacement Ihhjoation — A profound effect has 
been exerted upon roentgenographlc technic and interpretation, and 
to a lesser extent upon the therapy of sinus condition, by Proetx’s con- 
tribution of displacement irrigation. The problem is to introduce into 
a relatively large sinus having a small op ening some fluid used 
for either diagnosis or treatment. It is apparent that the fluid can 
replace the air within the sinus only when the latter has been re- 
moved. This may be accomplished by overlaying the sinus opening 
with the fluid and then exerting a negative pressure over the orifice. 
This will cause small bubbles of air to be evacuated from the sinus; 
upon permitting the return of the pressure to normal, the overlying 
fluid will be aspirated into the sinus to take the place of the air. 

In actual practice, this is achieved by putting the patient in a 
supine position with the head so placed that the orifice of the sinus 
to be investigated or treated is uppermost. In case of the sphenoid the 
bead is put Into a pendant position so that the rhln and the auditory 
meatus are in the same vertical line. Several cubic centimeters of 
the fluid are then introduced into each nostril (Figs. 17 and 18), a 
small hand bulb being used to evacuate the air. The bulb is com- 
pressed and tightly applied to one nostril, the other being closed, and 
the patient is then Instructed to say “K, K, K” several times, thus 
closing the nasal pharynx. At each vocalization, the bulb is permitted 
to expand, thus producing the negative pressure. This procedure 
should be repeated several times. 
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Tuberculosis and Lupus of Nose and Throat 

Tbe lesions are not commonly seen except in tuberculosis centers 
and institutions. In tuberculous ulcerations of the nose, the patient 
will complain of crusting ep is taxis and impaired respiration. Intra- 
nasal examination may disclose a typical yellowish ulcer having a 
characteristic nibbled undermined edge. The lesion will most fre- 
quently be found upon the cartilaginous portion of the septum. Lupus 
of the nose is frequently associated with the same lesion of the face 
and nasal alae. Here tbe patient may also complain of nasal blockage 
and crusting and in addition may have an acrid nasal discharge. Ex- 
amination may show typical “apple jelly” nodules as well as super- 
ficial yellowish ulcerations and rose-colored, raspberry -like granula- 
tions. 

Treatment. — In the treatment the primary tuberculosis must re- 
ceive adequate attention. Generalized body Irradiation with the ultra- 
violet ray, or natural heliotherapy, is of help. Locally one may cauter- 
ize the ulcers and granulations with lactic add or even the galvano- 
cautery. Localized ultraviolet irradiation, especially with the modified 
carbon arc lamp developed by Wessely, may be of great aid towards 
obtaining^ cure. The lesion should be irradiated at intervals of one to 
three days until healing has occurred. Tbe length of the session 
varies. One should start with three minutes’ irradiation and rapidly 
increase the dosage until a io or 15 minute period is developed. 

Tuberculous ulcerations of the pharynx may be seen to coexist 
with a laryngeal tuberculosis. The patient, ns a rule, will complain of 
discomfort in swallowing that may become progressively worse until 
extreme dysphagia Is present Examination of the pharynx will dis- 
close a typical superficial ulceration baring a yellowish base and a 
nibbled undermined edge. The lesions may be found upon the pharynx, 
pillars, or tonsils. Tbe treatment Is tbe same as that described for 
lesions within the nose. 

Malignant Tumors of Nasal Sinuses 

Carcinoma and sarcoma are the most frequent types of malignancy 
found in the paranasal sinuses. Although sarcoma appears In the very 
young, it is just as frequently seen In adult life. Card noma, how- 
ever, appears in the later decades. The symptoms that are most 
frequently encountered are pain and swelling of the cheek, assodated 
with nasal discharge of a hemorrhagic character and respiratory block- 
age. Encroachment upon the orbit may cau«e a proptosis or deviation 
of the eyeball. The roentgenogram will dlsdo^e a blocked-out sinus 
with definite involvement of the surrounding bony wall. Extension up- 
wards, which is especially frequent in ethmoid neoplasms, is often 
followed by meningitis; or death may be caused by an extensive 
hemorrhage or a tenninal cachexia. 
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oLive-suction tip to the nose in order to evacuate secretions from the 
sinuses as a means of diagnosis. The glass olive tip is connected to 
the suction apparatus and applied to one nostril, the other nostril 
being closed. The patient is instructed to say “K” several times while 
the suction is acting. Should there be any purulent secretions within 
the sinuses, they may be found after this mass suction in the region 
of the various ostia has been carried out. 

Intranasal Quartz Therapy and Medical Diatiteeity. — In 
spite of the many enthusiastic reports regarding the use of these two 
agents in the treatment of sinus and nasal disturbances, we have 
found that little, if any, benefit has been derived from them in actual 
practice. General ultraviolet irradiation or natural heliotherapy may be 
of some value in the treatment of sinus disease in children. 

Nasal Polypi 

This rather common rhlnologlc condition presents such a character- 
istic Intranasal picture that It admits of easy diagnosis. The orthodox 
removal with a snare and even the performance of an ethraoidectomy 
do not, as a rule, prevent their recurrence. Several physical meas- 
ures for limiting and preventing reformation of polypi have been 
advocated. 

Treatment . — Galvanocautery and cJeetrotoagvlalien oi the re- 
mains, after the removal of polypi, have been advocated. Undoubtedly 
cicatrization after the use of these agents may prevent or retard the 
reformation of these growths. However, more extensive trial and ob- 
servation will be necessary before these procedures can be accepted 
as safe and effective. The possibility of intracranial complications fol- 
lowing these procedures should be borne in mind. It is well to wait a 
sufficiently long period of time after the surgery has been performed 
before utilizing galvano cautery or electrocoagulation. Only small areas 
should be coagulated at a time and care must be taken to employ 
only minimal amounts of current. 

Radium has also been advocated as a means of preventing or Im- 
peding the reformation of polypi after surgical removal. It has been 
stated that the use of radium will cause an inhibition in the activity 
of the nasal mucosa with a decrease in the vascularity by the pro- 
duction of an endarteritis and also with an increase In fibrosis, thus 
preventing the recurrence of polypi. A 50 -mg. capsule of radium 
properly screened is applied to the ethmoid region and held in place 
by means of a pack. The ndhsm Is permitted to remain in situ from 
two to four hours. If recurrences appear, It is advised that these be 
removed and the radium Irradiation repeated. It is stated that any 
recurrences which may appear are of a more fibrous character and 
that there will be no recurrences after the third irradiation. However, 
we have found recurrences even after four and five treatments. 
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tunes. The wound must be packed wide open and carefully watched 
for any evidence of recurrence. Any suspidous regrowth should be 
subjected to immediate diathermic destruction. If there is any question 
regarding the lack of innocence of what is apparently a granulation, a 
confirmatory biopsy should be performed. 

It might be well at this time, or shortly after, to introduce four tubes, 
each containing twelve and one- h alf milligrams of radium properly 
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screened and left in place for 73 hours. The neck may be irradiated by 
means of a radium collar (Fig. 20), described In the next section, at 
the same time or at some later period. 

It must be admitted that the mutilation and disfigurement with 
such radical surgery are very noticeable, but one may utilize a tem- 
porary prosthesis to cover the defect. The patient must return at 
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Treatment — The treatment of malfgnant tumors of the panmasil 
sinuses is indeed a melancholy chapter In the practice of medicine. 
In general the appearance of metastatic glands In the neck presup- 
poses an inoperable condition. However, recent reports shed some 
encouragement In these cases in which the primary growth has been 
widely removed and the gland-bearing regions of the neck resected 
en bloc or subjected to heavy irradiation therapy. Irradiation with 
x-ray and radium for malignancies has, of course, been enthusiasti- 
cally advocated. The authors’ experience has not been very happy; it 
is better to depend upon thorough radical surgical removal of the 
growth, leaving the' wound wide open for observation, and to utHUe 
irradiation as a postoperative adjunct. The method of choice is clcctrxy- 
surgery. ■ 

In the use of electrocoagulation for nasal malignancies, local anes- 
thesia may be given. However, on account of the extensive surgery 
to be employed, the authors have utilised rectal ether, aver tin, or high 
spinal anesthesia. Due to the high percentage of secondary hemor- 
rhage, It is well to perform a preliminary ligation of the external 
carotid upon the affected side. The neck incision should be wide to 
permit Investigation of the cervical lymphatics. Should these be af- 
fected, their complete removal en bloc after the manner of Trotter 
is advocated. In some cases it may be necessary to resect muscles 
and even sacrifice the large vessels on one side of the neck. After the 
neck operation has been terminated, the face operation may be per- 
formed. An appropriate indsion over the site of the growth is made 
and the skin is reflected. In ethmoid and sphenoid growths the indsion 
will be along the inner can thus and side of the nose, and in cases of 
malignancy of the antrum the same incision may be curved wide across 
the cheek. The Indsion may be made with either the cold knife or the 
tissue-cutting current The limits of the growth should then be estab- 
lished as accurately as possible and an area of electrocoagulation 
thrown about it well into the healthy tissues so as completely to 
dr cum vail ate the neoplasm. 

At this time it would be well to place a pack into the nose to pre- 
vent the entrance of free blood into the nasopharynx. The growth 
should then be coagulated and removed piecemeal by the curette. The 
tumor tissue should be followed to its limi t, regardless of anatomic 
considerations. The dura, however, should be properly respected, but 
if the orbit is invaded and the eye affected, it should be sacrificed. 
AH necrotic bone should be removed and resection of a small portion 
of healthy tissue about the limits of the growth is advocated wherever 
possible. The entire wound should then be treated with the coagulat- 
ing current and hemostasis should be effected. A vaseline gauze pact 
should then be Inserted. If the procedure upon the face is of any mag- 
nitude, It is best to perform the sinus and neck operations at dlueren 
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times. The wound must be packed wide open and carefully watched 
for any evidence of recurrence. Any suspicious re growth should be 
subjected to Immediate diathermic destruction. If there is any question 
regarding the lack of innocence of what is apparently a granulation, a 
confirmatory biopsy should be performed. 

It might be well at this time, or shortly after, to introduce four tubes, 
each containing twelve and one-half milligrams of radium properly 
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screened and left in place for hours. The neck may be irradiated by 
n * ttn5 of a radium collar (Fig. ao), described in the next section, at 
the same time or at some later period. 

It must be admitted that the mutilation and disfigurement with 
such radical surgery are very noticeable, but one may utilize a tem- 
porary prosthesis to cover the defect. The patient must return at 
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stated Intervals for careful observation of the -wound* After the cer- 
tainty of a cure is established, the defect may be repaired by a plastic 
procedure or by the use of a permanent prosthesis. 

Malignant Tumors or Nasopharynx 

Sarcomas, carcinomas, and lympho-epitheJiomas are the most fre- 
quent types of malignant neoplasms that are found within the post- 
nasal apace. The sarcomas, while more frequent during early life, may 
be found at all ages. Carcinomas may appear in older individuals. 
The earliest symptoms are nasal blockage, change In voice, and 
sometimes deafness or middle ear suppuration due to the Invasion of 
the eustachian tube. Hemorrhages are not infrequent. The extension 
of the growth into the nearby jugular foramen may give rise to the 
syndrome of unilateral paralysis of the palate, pharynx, tongue, larynx, 
sternomastoid, and trapezius muscles. As the growth progresses a 
typical frog-face appearance will be manifested. The diagnosis is, of 
course, definitely established by biopsy and the prognosis is as a rule 
grave, if not altogether hopeless. 

Treatment — One may attack the neoplasms with surgical dia- 
thermy as noted under nasopharyngeal fibroma. 

Radium emanation may also be used. Gold seeds containing i.S 
to a minicuries to every cubic centimeter present should be implanted. 
A radium >coIlar should be applied to the neck. This is made by placing 
6 tpbes containing twelve and one-half milligrams of radium three 
centimeters apart and two and one-half centimeters from the skin 
around the neck (Fig. ao). Proper beta screening must, of course, be 
employed. The collar Is then secured by a bandage, which must be 
renewed daily, and the radium permitted to act for four days, thus 
giving a dosage of about 7,100 mg. hr. at a distance of two and one- 
half centimeters. 

However, these measures are but palliative in nature and a fatal 
outcome Is the rule. 


Nasopharyngeal Fibroma 

This rather rare tumor appears as a sessile growth within the vault 
of the nasopharynx, arising as a rule from the underlying periosteum. 
It is essentially a tumor of the young, appearing most often between 
the ages of 10 to 15 years. Although histologically benign, fibromas 
may become clinically malignant due to encroachment upon vital 
structures. 

The symptoms are mainly those of nasal obstruction and a peculiar 
change In the voice, a rhinolalia obstructive. The diagnosis may be 
easily established by the use of a postrhinoscoplc mirror and by pal- 
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pation. The tumor must be distinguished, however, from a malignant 
neoplasm. 

Treatment. — The surgical excision is a difficult procedure that is 
fraught with danger. It is best to destroy the growth by the use of 
nrrpcol diathermy. If the neoplasm is small, it may be exposed by 
pulling the soft palate forward by means of two catheters passed 
through the nose. If a larger growth Is present, the soft palate may 
have to be split or even an extensive lateral rbinotomy performed in 
order to secure adequate exposure. The coagulation should be effected 
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in several treatments and a postna«al pack must be held in readiness 
flt 10 ** ,n ca5€ 

Radium emanation has also been advocated in the treatment of 
nasopharyngeal fibromas. Gold seeds containing 1.5 to j mfllicuries 
** inserted into the growth by means of an appropriate ap- 
P licaio r (Fig, 7i), u*ing one seed for every square centimeter of 
•^'^bate. The application will have to be repeated at certain 
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- • Chronic Follicular Pharyngitis 

This condition, which is. frequently seen, consists In the hypertrophy 
of the isolated lymphoid follicles situated in the pharyngeal mucosa. 
There may be an associated chronic spheno-etbmoiditls and post- 
nasal drip. The diagnosis is easily made upon inspection of the poste- 
rior pharyngeal wall. Attention to the primary nasal condition is of 
the utmost importance In the treatment. The individual follicle may 
be destroyed by electrocoagulation with an appropriate elongated In- 
sulated electrode. 


Alveolar Fistulas 

Fistulation Into the antrum may be seen following the removal of 
teeth that have been anatomically related to the antrum. The dental 
practice of curetting the socket following the extraction, during which 
the curette is pushed into the antrum, is probably the most im- 
portant cause of Its formation. These fistulas tend to heal provided 
an extensive sinus infection is not present. However, should there be 
a great deal of suppuration, tendency towards healing is practically 
absent, and the fistulas will become lined with epithelial membrane. 

The closure may be difficult in some cases. The antrum should re- 
ceive proper care and an intranasal window or radical sublabial 
operation may be necessary. The fistula itself may be cauterized with 
trichloracetic add. We have had more success by using the actual cau- 
tery upon the fistula. Should these measures prove ineffective, a plas- 
tic dosure involving a sliding mucoperi osteal flap may be necessary. 


Chronic’ Tonsillitis 

Diathermy. — Physical agents have been repeatedly advocated as 
substitutes for orthodox methods in the treatment of chronic tonsillar 
disease. Medical diathermy and ultraviolet irradiation to the tonsils 
are mentioned only to be condemned as of little, if any, practical 
value. Surgical diathermy Is a method that may be of value in certain 
selected cases. The removal of tonsils by means of electro thermic 
methods cannot, as yet, displace accepted surgical procedures. One 
may use them in place of certain definite contraindications to surgery, 
such as diabetes and hemophilia, or In other systemic conditions m 
which the physical state may make the orthodox procedure haxardcus. 
They may also be utilized when patients refuse the orthodox tonsillec- 
tomy due to timidity or apprehension. Surgical diathermy has a pro- 
nounced field of usefulness in destroying plical overgrowths that are so 
frequently observed after tonsillectomy. It Is also a method of choice In 
.removing portions of tonsil that have been left by inexpert removal 
Surgical diathermy may be utilized In two ways in the eradication of 
tonsillar disease. 
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Radium Therapy. — Radium therapy may be considered in the face 
of definite contraindications to surgery or surgical diathermy. How- 
ever, we question the advisability of enclosing a focus of infection in a 
fibrous scar tissue, as occurs after radium therapy. For those who may 
wish to utilize radium in chronic tonsillitis, the following technic has 
been used satisfactorily: The tonsils are cocainized with io per cent 
cocaine applied by a swab and then gold radon seeds containing one or 
1.5 milli curies are implanted for each cubic centimeter of tonsil tissue. 
We have had atrophy occur after using one seed in small tonsils and 
two seeds in large tonsils. 

Tissue-Cutting Current. — The tissue-cutting current may be used 
to dissect or enucleate the tonsil. This method, however, presents no 
particular advantages over the ordinary cold scalpel or snare. Al- 
though the current may seal capillary vessels, those of moderate size 
bleed just as readily when cut by the current as when cut during 
the ordinary surgical technic. Secondary hemorrhage is probably more 
frequent. For these reasons we have discontinued the use of this type 
of current in tonsillar surgery. . 

Electrocoagulating Current. — Surgical diathermy may be used by 
employing the electrocoagulating current in the piecemeal removal of 
the tonsils. Small portions of the tonsil may be electrocoagulated, or 
electrodes! coated, at successive sessions. However, this method In the 
biexpert operator’s hands, at least, is open to question. If the operator 
h too timid, he may coagulate only the superficial parts of the tonsil 
and thus seal an infectious process within the crypts. There Is also 
danger of the inexpert operator’s going to the other extreme and 
coagulating beyond the confines of the tonsillar capsule. The integrity 
°f the pillars and the pharyngeal musculature must be as closely 
respected when using electrocoagulation as when using a knife. More- 
over, postoperative sloughing with dangerous secondary hemorrhage 
U not an infrequent complication. Deep and submerged tonsils may 
be difficult to treat by the coagulating current without endangering the 
surrounding structures. We have, therefore, abandoned electrocoagu- 
lation of the tonsils except when faced with certain conditions as men- 
tioned above, and employ it mainly for the destruction of tonsillar 
remnants and plical overgrowths. 

Technic of Electrocoagulation. — Local anesthesia of the tonsils, 
Palate, pharynx, and base of the tongue is effected by the use of a 10 or 
J ° net cent cocaine solution. This solution is repeatedly sprayed or 
scabbed over the area at Intervals of three or four minutes. When 
a nestbesia Is complete, the procedure may be started. The patient 
fy 3 1 ° a chair in an upright position and a large Indifferent electrode 
« placed against the back so as to maintain a firm contact. The 
a pparatus should have been previously adjusted to deliver a current 
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Chronic Follicular Pharyngitis 

This condition, which Is. frequently seen, consists in the hypertrophy 
of the isolated lymphoid follicles situated in the pharyngeal mucosa. 
There may be an associated chronic spheno-ethmoiditis and post- 
nasal drip. The diagnosis is easily made upon inspection of the poste- 
rior pharyngeal waJl Attention to the primary nasal condition is of 
the utmost importance in the treatment. The Individual follicle may 
be destroyed by electro coagulation with an appropriate elongated in- 
sulated electrode. 


Alveolar Fistulas 

Fistulation Into the antrum may be seen following the removal of 
teeth that have been anatomically related to the antrum. The dental 
practice of curetting the socket following the extraction, during which 
the curette is pushed- Into the antrum, is probably the roost Im- 
portant cause of Its formation. These fistulas tend to heal provided 
an extensive sinus infection is not present. However, should there be 
a great deal of suppuration, tendency towards healing is practically 
absent, and the fistulas will become lined with epithelial membrane. 

The closure may be difficult in some cases. The antrum should re- 
ceive proper care and an intranasal window or radical sublabinl 
operation may be necessary. The fistula itself may be cauterized with 
trichloracetic add. We have had more success by using the actual cau- 
tery upon the fistula. Should these measures prove Ineffective, a plas- 
tic dosure involving a sliding mucoperiosteal flap may be necessary. 


Chronic Tonsillitis 

Diathermy. — Physical agents have been repeatedly advocated as 
substitutes for orthodox methods In the treatment of chronic tonsillar 
disease. Medical diathermy and ultraviolet irradiation to the tonsils 
are mentioned only to be condemned as of little, if any, practical 
value. Surgical diathermy is a method that may be of value in certain 
selected cases. The removal of tonsils by means of electro thermic 
methods cannot, as yet, displace accepted surgical procedures. One 
may use them in place of certain definite contraindications to surgery, 
such as diabetes and hemophilia, or in other systemic conditions in 
which the physical state may make the orthodox procedure hazardous. 
They may also be utilized when patients refuse the orthodox tonsillec- 
tomy due to timidity or apprehension. Surgical diathermy has a pro- 
nounced field of usefulness in destroying p II cal overgrowths that are so 
frequently observed after tonsillectomy. It is also a method of choice in 
.removing portions of tonsil that have been left by inexpert removal. 
Surgical diathermy may be utilized in two ways In the eradication of 
tonsillar disease. 
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away from the pillars. With the electrode properly placed, the current 
Is turned on by means of a foot switch for several seconds until a deft* 
nite blanched area of two or three millimeters is obtained. Under no 
circumstances may the blanching approach the region of the tonsillar 
pillars, as these must always be scrupulously avoided. Several of these 
punctures are then successively made, the sites being such that the re- 
sulting blanched areas will not quite come in contact with one another. 
It must be borne In mind that the final destruction will extend for sev- 
eral millimeters beyond the area of visible coagulation. About six to 
eight of such punctures may be made in each tonsil at one sitting. 
Any bleeding or ooxing that may occur is stopped by sparking the 
bleeding site. In case of submerged tonsils or deep-lying stumps, the 
pillars must be carefully retracted by the insulated retractor noted 
above. 

After the session the patient is instructed to gargle the throat 
mildly with any antiseptic mouth wash several times a day and to 
return for observation at Intervals of several days. The patient is 
further warned that there may be some discomfort and sore throat. 
Any such disagreeable sequelae may be treated by the use of ortho- 
form or thantis lozenges. Gum containing acetylsalicylic add (asper- 
gum) may also be of aid when chewed. 

The coagnium separates usually within a period of io day's, after 
which another treatment Is given. In the subsequent treatments, 
which may number four or five, one must be exceedingly careful to 
respect the integrity of the pillars and underlying pharyngeal muscu- 
lature. These boundaries of safety must not be passed and It is well 
ever to bear In mind that the carotid artery normally lies but one- 
eighth or one-fourth of an inch beyond the muscular confines of the^ 
tonsil, and that in some Instances where the artery pursues an aber- 
rant course, it may be in actual contact with the constrictors of the 
pharynx. That this possibility is not only theoretical Is attested by 
the fart that one of the authors saw in consultation one such case, In 
which an extensive massive hemorrhage followed the unintentional 
coagulation of the carotid artery. 

A number of modifications of the simple technic outlined above 
have been advocated at one time or another. Those that depend upon 
fhe use of button or ball electrodes are mentioned only to be con- 
demned. The bipolar method of tonsillar coagulation in which a metal- 
lic pillar retractor Is used Instead of the inactive electrode at the 
patient’s back has been receiving a great deal of popularity. The use 
of clcctrodcsiccation instead of the coagulating current has also been 
advocated, but as yet has not received universal acceptance. 

X-Ray Irradiation. — X-ray irradiation for tonsillar disease has 
fxlleu more or less into disrepute and is employed only by the octa- 
gonal enthusiast. However, for those who may wish to use this method. 
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that will cause an area of two or three millimeters to blanch after 
an interval of one or two seconds. The different types of apparatus 
will,- of course, require Individual settings. Roughly speaking, how- 
ever, the proper current will be found when the ammeter shows a 
reading of about three or four hundred mflliam peres, with the patient 
in the dosed circuit 



Fjo. IJ. — llumanii bipolar toenfl electrode. 



Fro 13. — Enlargement, ibowlng construction of Up of Hermann bipolar tonsil etectrod*. 



Fro. 14. — Insulated toe*ue depressor. 
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Fro. 15. — Insulated tonfoe retractor. 


A suitable electrode U then selected (Figs. 22 1 13). A rubber com- 
pound or insulated tongue depressor and pillar retractor (Figs. 34 , 25) 
are utilized to obtain a dear view of the operative field. The electrode 
is inserted into the supra tonsillar fossa to a depth of one or two milli- 
meters. This point of entrance must be at least four or five millimeters 
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away from the pillars. With the electrode properly placed, the current 
is turned on by m ean s of a foot switch for several seconds until a defi- 
nite blanched area of two or three millimeters Is obtained. Under no 
circumstances may the blanching approach the region of the tonsillar 
pillars, as these must always be scrupulously avoided. Several of these 
punctures are then successively made, the sites being such that the re- 
sulting blanched areas win not quite come in contact with one another. 
It must be borne In mind that the final destruction will extend for sev- 
eral mAh' meters beyond the area of visible coagulation. About six to 
eight of such punctures may be made in each tonsil at one sitting. 
Any bleeding or oozing that may occur is stopped by sparking the 
bleeding site. In case of submerged tonsils or deep-lying stumps, the 
pillars must be carefully retracted by the insulated retractor noted 
above. 

After the session the patient is instructed to gargle the throat 
nulcfiy with any antiseptic mouth wash several times a day and to 
return for observation at intervals of several days. The patient is 
further warned that there may be some discomfort and sore throat- 
Any such disagreeable sequelae may be treated by the use of ortho- 
foirn or thantis lozenges. Gum containing acetylsalicylic add (asper- 
gum) may also be of aid when chewed. 

pie coagulum separates usually within a period of io days, after 
which another treatment is given. In the subsequent treatments, 
which may number four or five, one must be exceedingly careful to 
respect the integrity of the pillars and underlying pharyngeal muscu- 
lature. These boundaries of safety must not be passed and it Is well 
cyer to bear In mind that the carotid artery normally lies but one- 
eighth or one-fourth of an inch beyond the muscular confines of the_ 
tonsil, and that in some Instances where the artery' pursues an aber- 
rant course, it may be in actual contact with the constrictors of the 
pharynx. That this possibility Is not only theoretical is attested by 
the fact that one of the authors saw in consultation one such case, in 
which an extensive massive hemorrhage followed the unintentional 
coagulation of the carotid artery. 

A number of modifications of the simple technic outlined above 
have been advocated at one time or another. Those that depend upon 
the use of button or ball electrodes are mentioned only to be con- 
demned. The bipolar method of tonsillar coagulation in which a metal- 
lic pfilar retractor is used instead of the inactive electrode at the 
Patient’s back has been receiving a great deal of popularity. The use 
of electr odesiccatio n instead of the coagulating current has also been 
•dvocated, but as yet has not received universal acceptance. 

X-Ray Irradiation. — X-ray irradiation for tonsillar disease has 
‘Wen more or less into disrepute and is employed only by the occa- 
sic) nal enthusiast. However, for those who may wish to use this method, 
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the tec hni c U described. The patient Is made to lie prone upon the 
treatment table with the head turned sharply to one side. The central 
beam is directed to pas3 into the side of the neck Just posterior to 
the Jaw. Five mffllamperes at ioo kv., with a 30 cm. focal spot dis- 
tance, are given for 5 min. through a 3-mm. aluminum filter, using 
a 5 -cm. lead diaphragm at 15 cm. from the target Both sides are 
treated at the Bame time and treatments may be repeated eight times 
at weekly’ intervals. 


Papillomas op Oropharynx 

Papillomas, which may easily bo recognised, are found most fre- 
quently upon the palate tonsillar pillars and the uvula. They may be 
destroyed by resection and electrocoagulation of the base. 

Hyperkeratosis or Pharynx and Tonsils 

This affection is characterised by the formation of small, whitish 
masses upon the tonsils, the lower portion of the pharynx, and es- 
pecially at the base of the tongue. The removal of one of these masses 
and the examination of it under the microscope will disclose the 
specific offender, the Leptotkrix buccalis. 

If the affection is localized only to the tonsillar region, removal of 
the tonsils will be followed by a cure. In other portions of the pharynx 
and at the base of the tongue the treatment par excellence Is the use of 
the sharp tipped galvanocautery or electrocoagulation. Each of the 
little specks should be destroyed individually and only a small area 
should be treated at one sitting After the procedure one may employ 
any of the various antiseptic mouth washes. 

Lingual Varices 

lingual varices are easily recognized. They may be destroyed by 
using electrocoagulation. An appropriately bent insulated electrode Is 
applied to the enlarged vein and the site of application is controlled by 
the use of the laryngeal mirror while the patient aids by holding his 
tongue with a piece of gauze. Great care must be taken not to touch 
the epiglottis accidentally while the current Is acting. 

Carcinoma op Tongue 

This fairly common condition is not, as a rule, difficult to diag- 
nose. When it is seen early, and especially when it Is located on the 
dorsum or edge of the anterior third of the tongue, It may be amenable 
to destruction by electrocoagulation. 
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Tbe growth should first be circumvallated by a rone of coagulation 
extending well into the healthy tissues. The tumor proper may then be 
destroyed and removed piecemeal. It Is probably better to remove too 
much than too little. If the lesion is at all extensive or if it Is located in 
the posterior aspects of the organ, It might be well first to ligate the 
lingual artery as a precaution against postoperative hemorrhage. Tbe 
succeeding wound must be carefully watched and any suspicious re- 
growth promptly destroyed. 

In unfavorable cases radium should be used as an adjunct to surgical 
diathermy. In favorable cases radium may be used in the form of gold 
radon implants of 1.5 to 2 mflUcuries per cubic centimeter of tissue 
irradiating at least 0.5 centimeter beyond the margin. The element in 
the form of needles of 0.5 millimeter platinum wall to the extent of 
120 to 160 milligram hours per cubic centimeter may also be used. 
They may be tied together in pairs or sutured in place singly and 
spaced parallel to one another 1 cm. apart. Heavy irradiation of the 
lymphatic areas of the neck should be given (Figs. 26, 27, 28). A 
radium collar carrying 75 to 100 mg. of radium in six or eight tubes 
may be used. The screen may vary from 0.5 to 1.5 mm. of platinum, 
the distance may be 2.5 cm., and tbe total dosage may be 7,200 to 
12,000 mg. hr. 


Laryngeal Paralyses 

Various types of laryngeal paralyses due to a diversity of causes 
may be seen by the laryngologist. They manifest themselves by a 
change in the speaking voice that may vary' from hoarseness to com- 
plete aphonia. Examination of the larynx may disclose a fixed immo- 
bile cord or one that can make only feeble, Iaxy attempts at motion. 
The left cord is most frequently involved and may be due to pres- 
8ure upon the recurrent laryngeal nerve by aneurysm, mediastinal 
ptiwths and lymphadenopathy, thyroid malignancy, or resection. Bi- 
lateral paralysis of the larynx is observed In bulbar disease and after 
thyroid surgery. Many paralyses are seen in which no definite cause 
can be found after thorough investigation. These cases are often 
“attestations of a peripheral neuritis of the laryngeal nerves. 

Functional or hysterical paralysis Is also seen. These cases have 
a characteristic bowed appearance of the vocal cords. In addition, 
cornea l and pharyngeal anesthesia, as well as other hysterical stig- 
““i “ay be present. 

, The treatment, of course, depends upon successfully ascertaining 
e cause and giving it adequate attention. Physical therapy may be 
° rtf hysterical paralysis and paralysis due to neuritis, 
tn the hysterica] form of paralysis, the use of the spectacular high- 
current to energixe one of the glowing vacuum tubes, ap- 
P ect about the thyroid region, may be of some value. One may also 
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use more or less painful farad k: applications over the laryngeal region. 
Psychotherapy is very important in these types of cases and it should 
be borne in mind that many are resistant to treatment and that 
the services of a competent neuropsychiatrist may be necessary. 

In laryngeal paralysis that is due to a peripheral neuritis, the use 
of large doses of salicylates may be of benefit if epical diathermy 
with the electrodes on either side of the neck has been used. Fa radio 
and galvanic currents have also been employed, but the precise value 
of these measures is problematical. 




Papillomas of Larynx 
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Papillomas of Labynx 

This is frequently an affection of childhood, although by no means 
is it rare In adult life. It Is characterized by hoarseness that may 
progress to complete aphonia; dyspnea may occur in the later stages. 
The examination of the larynx will disclose a soft papillary growth 
which by extension may progress until the entire larynx Is filled, and 
even the subglottic space and trachea may be Involved. The involve- 
ment of the trachea is prone to occur following tracheotomy per- 
formed for the relief of the dyspnea. The diagnosis, as a rule, is easy, 
although in adults biopsy may have to be resorted to in order to rule 
out malignancy. 

In the treatment one must bear in mind that papillomas of child- 
hood tend towards spontaneous cure by the time the youngster reaches 
puberty. Progressive hoarseness and dyspnea are Indications for ex- 
posing the larynx with a laryngeal speculum and removing the neo- 
plasms. The base may then be dtciroeoaguloitd with a fine current 
so adjusted as to produce a coagulation of only a fraction of a milli- 
meter. Following such a procedure one must watch carefully for the 
onset of a laryngeal edema. Diathermy does not always prevent 
recurrences. 

Radium has also been advocated for the treatment of papilloma 
of the larynx. It should never be applied in more than one-half a skin 
erythema dose, for fear of causing necrosis of the laryngeal cartilage. 
It may be utilized in doses of 400 mg. hr., using a 0.5 mm. platinum 
screen at a distance of 2.5 cm. for every two square Inches of flkin 
surface. Four to six such portals of entry about the larynx may be used 
and the irradiation may be repeated after an interval of two months. 
It has been stated that Irradiation may reduce the growth and prevent 
recurrence. We have never been able to observe the disappearance of 
the growth following irradiation. 

In most cases irradiation has little effect on the progress of the 
disease and eventually dyspnea may set in which will require a trache- 
otomy. It is well to warn the parents in advance that such a procedure 
may become necessary. In those cases in which the entire larynx is 
filled with the papillary mass, one may resort to the performance of 
a laryn go fissure. The entire growth should then be removed and the 
base treated by electrocoagulation. The tracheotomy tube must then 
be put into place for several days. 

Papillomatous growths through a tracheotomic fistula may be re- 
moved and the base electrocoagulaied in a similar manner. 

Tuberculosis of Lahynx 

This condition is seen, as a rule, as a secondary manifestation of 
a Pulmonary lesion. The symptoms consist, in the main, of hoarseness 
^auciated with pain, especially upon swallowing. The larynx may 
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use more or less painful faradic applications over the laryngeal region. 
Psychotherapy is very important in these types of cases and it should 
be borne in mind that many are resistant to treatment and that 
the services of a competent neuropsychiatrist may be necessary. 

In laryngeal paralysis that is due to a peripheral neuritis, the use 
of large doses of salicylates may be of benefit Medical diathermy 
with the electrodes on either side of the neck has been used. Faradic 
and galvanic currents have also been employed, but the precise value 
of these measures is problematical 
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control the doses. Rawness and irritability call for an immediate 
reduction of the time of exposure or even for a short discontinuance. 

The carbon arc and mercury quart! lamps may also be utilised 
in the treatment of laryngeal tuberculosis. It is preferable to expose 
the larynx directly with one of the various specula made for the pur- 
pose and then irradiate. The exposures should closely follow those 
advocated in the preceding paragraph. 



Fio. 19. — So Ur Uiyrtgoicope In iae for the treatment of kryn^eal tnbertoknfi. 

X-ray therapy in tuberculous laryngitis has also been advocated, 
but the results in the authors’ limited experience have been so ques- 
tionable as to cause them to discontinue this method. 

The physical agent that has been a sheet anchor in the past and 
°^e from which a great deal of benefit may be derived is puncture 
with the galvano cautery. This should not be used in acute lesions of 
the larynx or in patients with a progressive fulminating pulmonary 
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show a varied picture. There may be present only a pale Interaryten- 
old swelling of a papillary nature. Other portions of the larynx 
may have a pale, edematous, infiltrated appearance upon which ulcera- 
tions and pale granulations may be found. The epiglottis may have a 
sausage-like shape and the vocal cords may be characteristically rat 
bitten. In the presence of pulmonary tuberculosis such symptoms are 
easy to diagnose. Syphilis and carcinoma may at times be difficult to 
exclude and may even coexist. The biopsy is necessary to complete 
the diagnosis. 

As with other conditions that are difficult to treat, a large number 
of remedies have been advocated. The pulmonary condition must re- 
ceive adequate attention by the chest expert. In fact, the use of lung 
collapse has effected a decided change in the prognosis of laryngeal 
tuberculosis. Bed rest, fresh air, wholesome food, and proper climatic 
conditions are important factors in the ultimate result. Local therapy 
is important. 

The larynx should be placed at rest by maintaining absolute silence, 
the patient depending upon the use of pencil and pad of paper. later 
whispering may be permitted. Pain may be controlled by the use of 
orthoform or anesthesln lozenges before eating. Cocaine should never 
be used. Should the pain become severe or diffiallt to control, the supe- 
rior laryngeal nerves should be Injected with alcohol or even resected. 

Local medication to the larynx may be of help. Chaulmoogra oil 
In a 20 per cent solution may be dropped Into the larynx two or 
three times a week. If extensive ulcerations are present, it might be 
well to use lactic add, starting with a strength of 2 per cent and 
gradually increasing It to 10 per cent. 

Physical measures occupy an important rflle in the treatment of 
' laryngeal tuberculosis. Ultraviolet irradiation is of definite benefit, 
especially when associated with proper systemic care. One may use 
the quartz laryngeal applicators or the reflected sunlight. Heliotherapy 
may be utilized by employing the solar laryngoscope (Fig. 29), a 
device attached to the back of a chair that contains two mirrors 
placed upon a suitable support One of the mirrors reflects the sun s 
rays into the mouth; from there it is again reflected Into the larynx 
by means of a laryngeal mirror, held by the patient The other mirror 
upon the support is used by the patient as a viewing mechanism that 
permits him properly to reflect the rays into the larynx. The newer 
modifications that use an alloy of aluminum and magnesium in the 
reflecting mirrors are to be preferred. This alloy absorbs a large 
amount of the heat rays and tends to reflect into the larynx a greater 
percentage of the actinic rays than the usual glass mirror. 

The larynx should be exposed, beginning with one minute a day 
for a week. The irradiation Is then gradually Increased until ten-- 
minute exposures are being given at the end of several weeks. The 
laryngologist should examine the larynx at appropriate intervals and 
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cartilage. A tracheotomy tube may be left In place to care for post- 
operative edema. The cutting current may also be used in the per- 
formance of a hemflaryngectomy or total laryngectomy, but it has 
little If any advantage over the cold knife, in our hands, at least. 

Radium and the x-ray have been repeatedly advocated. Our experi- 
ence with irradiation has not been a very happy one, since not a 
single case subjected to such therapy has remained cured. Refinements 
in radium technic may in the future increase the value of this type 
of treatment. In consequence we have adopted the attitude of St, 
Clair Thompson, McKenty, and other laborers In this field, namely, 
that irradiation offers little hope for cure of carcinoma of the larynx 
as compared to early radical surgery'. One may advocate the use of 
irradiation as a postoperative adjunct, but in the light of our present 
knowledge, our only hope for cure is in the radical extirpation of an 
early and intrinsic lesion. The loss of the speaking voice may be com- 
pensated for by the use of the bucco-esophageal voice or by the use 
of one of the artificial larynges. 

Peroral diathermic destruction of carcinoma of the cord, using one 
of the various means of direct exposure, has been advocated. Unfor- 
tunately in several cases subglottic extensions could not be followed 
and we, as well as others, have been forced to abandon this method. 

Laryngeal Stenosis 

This condition is most frequently found in children who have been 
111 with diphtheria. The use of the Intubation tube, high tracheotomy, 
and postdlphtheritic fibrosis all may have a great deal to do with its 
production. The symptoms in the main consist of hoarseness that may 
Progress to aphonia and an increasing dyspnea and stridor. In the 
treatment of this condition various plastic operative procedures have 
been advocated. Recently physical therapy in the form of an electri- 
cally heated bougie has been utilized (Fig. 31). The bougies, which 
come in various sizes, may be inserted into the larynx and left In 
Place for 15 to 20 min. The amount of heat and the temperature of 
tbe bougie are regulated by the use of a current control. Successively 
kegw bougies are used in succeeding sessions. No anesthetic is re- 
quired, but the child should be securely wrapped in a blanket Since 
the recorded experience with this method is small, its exact sphere of 
^fulness Is, as yet, to be realized. 

Carcinoma or the Esophagus 

Carcinoma of the esophagus occurs most frequently at the distal 
portion near the card la and in the postcricoid region. The latter is more 
often seen in women than in men. Both squamous cell carcinomas and 
adenocarcinomas occur. The lesion presents itself most frequently as 
811 p n do-esophageal mass, hut submucous and peri-esophageal growths 
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tuberculosis. It seems to serve best in those cases In which the pul- 
monary pathology is more or less Indolent in character. 

The procedure is carried out under local anesthesia. The larynx 
may be cauterized by either the indirect or direct method. In the 
indirect method the patient is instructed to hold his tongue with a 
piece of gauze and the operator inserts a laryngeal mirror Into the 
back of the pharynx, thus obtaining a good view of the larynx. The 
cautery point is then heated to a white glow and, under visual control, 
plunged fnto various areas of ulceration, edemas, or granulations. Not 
more than two or three punctures should be performed at one sitting. 
The arytenoid regions should be carefully avoided in order to prevent 
subsequent fixation of the cord. The cautery should not be repeated 
too often or within too short a period of time. 

In the direct method the larynx may be exposed by a Hasslinger 
or Jackson speculum or even a Lynch-KBlian suspension. By means 
of an elongated cautery point the larynx may be appropriately treated. 

We have recently used electrocoagulation (Fig. 30) in place of the 
galvanocauttry, but the number of cases is too few and the period of 
observation too short definitely to establish its worth. 




Fro 30 — Elongated electrode tor dtehermy of the phmrynx and larynx. 


Carcinoma of Larynx 

This not uncommon disease is characterized by progressive hoarse- 
ness, occurring most frequently in men in the so-called cancer age. 
It is well to note that the lower limit of the cancer age Is well below 
30 years. The lesion Itself may have a varied appearance. It may 
be only a small pearly nodule located upon one of the cords, or it may 
have a polypoid or cauliflower appearance. Most laryngeal carcinomas 
are squamous cell in type and therefore are highly malignant. The 
diagnosis, as a rule, is not difficult, but frequently one must be able 
to distinguish syphilis or tuberculosis, which are often simulated. In 
many cases a biopsy is necessary in order to establish a diagnosis. 

The treatment of choice, in most hands, at least is early and radical 
extirpation of the larynx. The situation of a laryngeal carcinoma 
within a cartilaginous box that is only sparsely supplied with lym- 
phatics offers a very good chance for cure. In the presence of small 
discrete lesions a iaryn go fissure or hemi laryngectomy may be con- 
sidered. In the performance of a laryn go fissure one may utilize the 
tunic-cutting current for exposing the interior of the larynx and then 
use the coagulating current for the destruction of the neoplasm (Fig- 
30). The area of coagulation must extend well Into the healthy struc- 
tures, but due care must be taken in regard to the underlying thyroid 
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PHYSICAL THERAPY IN THORACIC SURGERY 
Caul A. Hedblom, M.D., and Willard Van Haxel, MJ). 

Introduction 

Tboradc surgery Is largely a development of the past three decades. 
Asepsis arid anesthesia were the prerequisites to the earlier rapid exten- 
sion of abdominal surgery. Amplification of diagnostic methods and 
practical means of preventing serious disturbance of respiration and 
circulation incident to operative pneumothorax were additional pre- 
requisites to a comparable development of thoracic surgery. These 
additional diagnostic requirements have been fulfilled in considerable 
measure by roentgenography — made even more valuable by the recent 
introduction of a nonirritoting contrast media, by endoscopy, and by 
better correlation of findings so obtained with the results of animal 
experimentation, with pathologic studies and with the clinical mani- 
festations of disease conditions. We have arrived at a better under- 
standing of the mechanisms of respiration. The adaptation of positive 
pressure pharyngeal or Intratracheal anesthesia to its requirements has 
largely obviated the disturbance of physiologic function during opera- 
tive pneumothorax. 

The diseased conditions of the thorax amenable to surgical treat- 
ment include Infections, neoplasms and injuries of the pleurae, lungs, 
chest wall, heart, diaphragm and esophagus. Certain lesions are ameli- 
orated or cured by sectioning the sympathetic innervation through an 
intra thoracic approach. Some types of thoracic deformities are partly 
corrected surgically. The transthoracic approach to subphrenlc abscess 
1* generally accepted. 

The most common surgical disease conditions of the thorax are 
Pyogenic and tuberculous empyema, pulmonary abscess, bronchiectasis 
^ pulmonary tuberculosis. Extrathoradc and Intrathoradc neo- 
plasms, both benign and malignant, may be amenable to surgical re- 
espedally in their early stages. 

. Physical therapy is a valuable adjunct to the surgical treatment of 
diseases of the thorax. Inddent to the recent growing Interest In 
Physical therapy In general, an Increasing measure of attention has 
keen directed to its application in this field. 

The most useful physiotherapeutic methods include heliotherapy and 
substitutes exemplified in the violet light; heat variously supplied, 
including diathermy and the Infra-red light; radiotherapy, inclu ding 
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are not unknown. The symptoms are mainly those due to obstruction, 
namely, progressive dysphagia and regurgitation. X-ray examination 
with a barium meal contrast material will disclose more or less char- 
acteristic filling defects. Esophagoscopy is of great aid in estab l is hin g 
the diagnosis, not only permitting visual Inspection, but also enabling 
one to obtain material for biopsy. 

The treatment to date is more or less hopeless. If the lesion is lo- 
cated in the cervical esophagus, external esophagectomy may be per- 
formed, with a subsequent plastic repair, If no recurrence Is observed. 
The operation is best performed by electrothermic methods, utilizing 
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the cutting current for the dissection and then the coagulating current 
for the actual destruction of the growth. In other portions of the 
esophagus, one may utilize irradiation. Radon seeds may be implanted 
via the esophagoscope; or a capsule of radium may be tied to an end- 
less string after a gastrostomy has been performed, and accurately 
placed in position by visualization with the fluoroscope. Deep x-ray 
therapy may also be used. One may relieve obstruction by the use of 
esophageal dilators, or by the use of electrocoagulation via the esopha- 
goscope, utilizing the elongated coagulating points or buttons. Ob- 
struction may abo be treated by inserting a Sou tar esophageal 
intubation tube. Failure of these various measures will lead one to 
resort to the use of a permanent Rhefuss tube or to gastrostomy. 
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from 8 to 12, and during forced expiration from 1 to 2. Vital capacity 
is the greatest amount of air that can be exhaled after the deepest 
possible inhalation. In the adult male it is up to 6000 cc. 

Under normal conditions an equilibrium of pressure Is established 
between the two pleural cavities by tbe normally mobile mediastinum. 
However, if one pleural cavity is opened widely, the lung on that side 
collapses In amount equal to its elasticity, since tbe Intrabronchial 
atmospheric pressure is now opposed from without. It can be partly 
relnflated only by air forced into it from the other lung during expira- 
tion, while the glottis is voluntarily closed as during straining. The 
opposite lung cannot collapse away from its parietal pleura, but it is 
partly deflated by atmospheric pressure on the mobile mediastinum. 
Tbe degree of mobility of the mediastinum varies in different indi- 
viduals. It may be so mobile and therefore bulge so far into the op- 
posite side as to reduce intrapleural pressure there to about atmos- 
pheric pressure, even during forced inspiration. Under such conditions 
no fresh air can enter this lung and asphyxia results. 

Various factors influence the degree of actual respiratory embarrass- 
ment In the Individual patient with a large opening in one chest wall. 
Chief among them are the size of the unobstructed opening, tbe degree 
of mediastinal mobility, and the reserve respiratory capacity. If the 
opening is smaller than the glottis, the resistance to air entering it is 
greater than to that entering tbe glottis. The amount of air entering 
the bronchi is then proportionate to the difference in resistance to 
air entering the two openings. If the opening in the chest wall is very 
large, resistance to air entering it Is so slight that practically all the 
air will enter the pleural cavity during the inspiratory acL 

Tbe mediastinum may be stiffened by a preceding inflammatory 
process, and there seems to be some degree of difference in its mobility 
m different individuals due to anatomic peculiarities. Under such con- 
ditions the degree of embarrassment of respiration is lessened in pro- 
portion to its stability. A chronic empyema usually stiffens it to such a 
degree that it does not bulge at all into tbe other pleural cavity. The 
respiratory function of the other lung is then unimpaired by the open 
pneumothorax. 

Since the amount of air that enters the lung Is proportionate to the 
degree of fluctuation in the volume of the pleural cavities and incident 
fluctuation in intrapleural pressure, it follows that the more vigorous 
the action of the respiratory muscles, the greater the respiratory or 
vital capacity. 

A normal healthy adult has a respiratory capacity about seven times 
that used during quiet breathing. He has therefore a large reserve 
tor (nigh which he compensates for the handicap imposed by an opening 
I chest wall of relatively moderate size. If the opening is very 

ge and the mediastinum very mobile, the greatest degree of com- 
r**watory capacity fails to prevent asphyxia. On the other hand, if 
ttt® patient’s muscular power is greatly reduced from any cause such 
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the use of the roentgen ray and radium; cautery, especially involving 
the precise application of the electric current’ massage; active and 
passive motion, and the more simple mechanical devices such as splint- 
ing and corrective appliances for deformities. Special methods ap- 
plicable only to the thorax but involving mechanical principles are 
pneumothorax collapse of the lung, blowing and breathing exercises, 
positive pressure anesthesia, positive pressure carbon dioxide inflation 
of the lung, and the respirometer of Drinker. 

Physical therapy may be of great benefit, but, generally speaking, it 
will be an adjunct to, and not a substitute for, adequate surgical treat- 
ment A patient with an arthritis due to an imperfectly drained 
chronic empyema or abscess will not be relieved of his arthritis by 
physical therapy of the affected joints. It is useful In rehabilitation 
after the cause of the process has been removed. Proper indications, 
relative evaluation in relation to other treatment, and correct dosage 
are of fundamental importance to the usefulness of any physiothera- 
peutic method. 

Since an understanding of the mechanism of respiration fa essential 
to intelligent and rational surgical treatment of most of the diseases 
of the thorax, it may not be amiss to review briefly the anatomic and 
physical factors involved, particularly in the light of the fundamental 
contributions to this subject by Graham and Beil. 

The thoradc cage consists essentially of a bony framework with the 
Intercostal muscles and diaphragm. It contains the lungs, separated by 
the mediastinum, which is made up for the most part of the heart and 
great vessels: The lungs In their relaxed state are of smaller volume 
than the respective pleural cavities. Since the outside of the lung Is 
prote cted against atmospheric pressure by the rigid chest wall, the 
unopposed atmospheric pressure exerted from within the bronchi and 
alveoli stretches the elastic tissue composing them and so dilates the 
lung to the size of the pleural cavity. The degree of stretch of these 
tissues determines the degree of less than atmospheric pressure in the 
potential space between visceral and parietal pleura. During Inspira- 
tion, which consists of a contraction of the diaphragm, external Inter- 
costal and serratus anticus muscles, and during deep Inspiration, by the 
accessory Inspiratory muscles, the pleural cavities enlarge In volume 
and so determine the amount of air inspired. The additional stretch of 
the elastic tissue of the lung, so produced, augments the degree of less 
than atmospheric pressure. Quiet expiration consists of simple relaxa- 
tion of the muscles of inspiration. Forced expiration, accomplished by 
contraction ol the abdominal muscles forcing the relaxed diaphragm 
higher Into the thorax, and by the contraction of the Internal Inter- 
costal muscles and of the accessory muscles of expiration, decreases 
the volume of the pleural cavities and so of the lung in amount meas- 
ured by the expired air. In the adult the less than atmospheric pressure 
during quiet Inspiration Is from 4.5 to 9 mm. Hg, and during quiet 
expiration from 3 to 7.5 mm- Hg. During deep Inspiration It measures 
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from 8 to 12, and during forced expiration from 1 to 2. Vital capacity 
is the greatest amount of air that can be exhaled after the deepest 
possible Inhalation. In the adult male it is up to 6000 cc. 

Under normal conditions an equilibrium of pressure is established 
between the two pleural cavities by the normally mobile mediastinum. 
However, if one pleural cavity is opened widely, the lung on that side 
collapses in amount equal to its elasticity, since the intrabronchial 
atmospheric pressure is now opposed from without. It can be partly 
reinflated only by’ air forced into it from the other lung during expira- 
tion, while the glottis is voluntarily dosed as during straining. The 
opposite lung cannot collapse away from Its parietal pleura, but it is 
partly’ deflated by atmospheric pressure on the mobile mediastinum. 
The degree of mobility of the mediastinum varies in different indi- 
viduals. It may be so mobile and therefore bulge so far into the op- 
posite side as to reduce intrapleural pressure there to about atmos- 
pheric pressure, even during forced inspiration. Under such conditions 
no fresh air can enter this lung and asphyxia results. 

Various factors influence the degree of actual respiratory' embarrass- 
ment in the individual patient with a large opening in one chest wall. 
Chief among them are the sire of the unobstructed opening, the degree 
of mediastinal mobility, and the reserve respiratory’ capacity. If the 
opening is smaller than the glottis, the resistance to air entering it is 
greater than to that entering the glottis. The amount of air entering 
the bronchi is then proportionate to the difference in resistance to 
air entering the two openings. If the opening in the chest wall is very’ 
large, resistance to air entering it is so slight that practically all the 
air will enter the pleural cavity during the inspiratory act. 

The mediastinum may be stiffened by a preceding inflammatory 
process, and there seems to be some degree of difference in its mobility 
ia different Individuals due to anatomic peculiarities. Under such con- 
ditions the degree of embarrassment of respiration is lessened in pro- 
portion to Its stability. A chronic empyema usually stiffens it to such a 
degree that it does not bulge at all into the other pleural cavity. The 
respiratory function of the other lung is then unimpaired by the open 
pneumothorax. 

Since the amount of air that enters the lung is proportionate to the 
degree of fluctuation In the volume of the pleural cavities and incident 
fluctuation in intrapleural pressure, It follows that the more vigorous 
the action of the respiratory muscles, the greater the respiratory or 
vital capacity. 

A normal healthy adult has a respiratory capacity about seven times 
T® 1 used during quiet breathing. He has therefore a large reserve 
. which he compensates for the handicap imposed by an opening 
™the chest wall of relatively moderate site. If the opening is very 
and the mediastinum very mobile, the greatest degree of com- 
capacity fails to prevent asphyxia. On the other hand, if 
patient’s muscular power Is greatly reduced from any cause such 
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as shock, enfeebling illness of any kind or old age, the respiratory 
capacity may be reduced to a small margin, and such a patient may 
not possess 'sufficient respiratory capacity to compensate for even a 
relatively small unobstructed opening In the chest wall. 

Other conditions influencing the vital capacity in adults are disease 
conditions that affect the gaseous exchange within the lung itself, such 
as pneumonia, chronic fibrosis, inflammatory and spastic narrowing of 
,tbe bronchi, and conditions affecting the respiratory function of the 
chest wall. Infants are bore with lungs nearly as large as the pleural 
cavities containing them. Their reserve vital capacity is therefore 
normally very low. 

Pressure chambers and the more recent kinds of gas-oxygen anes- 
thesia apparatus represent the application of physical therapy methods 
designed to overcome, the bad-effects of surgical pneumothorax. Pres- 
sure chambers, with negative and positive pressure were first made by 
Sauerbruch. Intratracheal Insufflation followed this method — this be- 
ing a positive pressure Introduction of air- through a catheter previ- 
ously inserted Into the trachea. With the extensive use of gas-oxygen 
anesthesia the problem of surgical pneumothorax has been met The 
differential pressure apparatus used In giving gas-oxygen anesthesia 
provides the positive pressure when it is needed. Experience has shown 
that the thorax may be opened widely in some cases without harmful 
effects on the respiration, nevertheless some patients do badly and, 
for such, this positive pressure equipment should always be available. 

The Lundy-Heidbrink and Model G McKesson gas machines, with 
which a high positive pressure may be obtained, are examples of the 
type now used. Practically all gas machines are constructed with 
safety devices against overinflation. A device has been arranged by 
Dr. Amy Uttig called a “bag pressure unit” consisting of a diaphragm, 
a gage and dial, adaptable to any machine. This records accurately 
and continuously the exact positive pressure in millimeters of mercury 
under which the gas is being forced into the lungs. During the closure 
of the thorax following operation the lung can be almost completely 
rdnflated. The pneumothorax apparatus may then be used to draw 
off the remaining air, thereby establishing negative tension appro»- 
mating the normal. 

The artificial pneumothorax apparatus is a device for controlling 
intrapleural pressure. It consists of a manometer scaled in centimeters 
for pressure readings, and some arrangement for forcing measured 
amounts oi air or gas into the thorax through an ordinary aspirating 
needle. This is usually done by allowing water from one jar to flow 
Into another jar displacing the air in it, or the fluid may be forced over 
by means of a bulb such as that employed in taking blood pressure. 
The air is filtered through sterile cotton. The whole procedure must 
be carried out under the most strict aseptic precautions. It Is employed 
not only for introducing air or other gas into the pleural space for its 
therapeutic t r, < t but also, by reversing the system, for withdrawing 
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air to reduce tension. The manometer only is often used merely to 
determine the intrapleural pressure (Fig. i). 

The acute thoracic conditions, with the exception of the traumatic, 
furnish only occasional indications for employment of physical agents. 
Splinting of the ribs Is usually indicated for fracture, and this is easily 
done by the time-honored method of strapping with adhesive plaster. 
After the deepest possible inspiration followed by complete expiration, 
the adhesive is applied in the direction of the ribs from the vertebra 
to the costicartilaginous junction. Marked relief from pain results 
due to the inhibition of respiratory motion, and healing Is probably 
promoted for the same reason. 
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Beat in some form relieves pain in traumatic cases. It may be 
furnished by a large electric light bulb with a reflector, by one of the 
fufra-red ray apparatus, by an electric pad, or By a hot water bottle. 

Traumatic pneumothorax Is one of the conditions in which the Intra- 
pressure is affected. There must be an opening through the 
^hest wall or Into the lung for Its development. An opening of short 
duration allowing only a small amount of air to enter the pleural space 
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calls for no Interference- Occasionally a sucking or tension pneumo- 
thorax ig produced. On Inspiration, air is sucked into the pleural 
cavity, but because of a valve-11 ke action of the opening, air does 
not escape on expiration. The result Is an increasing positive pressure. 
Continuous ventilation of the pleural cavity through a needle or valve 
trocar may then be imperative. A wound causing open pneumothorax 
must be sutured or otherwise dosed. Then by use of the pneumothorax 
apparatus a positive pressure can be reduced to atmospheric or less 
t h a n atmospheric by the withdrawn! of air. This brings relief of 
dyspnea, and the likelihood of later pleural or pulmonary complica- 
tions Is reduced. 

In massive collapse or atelectasis due to retained bronchial secre- 
tions, suitable posture may bring relief. Tipping the patient over the 
side of the bed so that the bronchial secretions will tend to gravitate 
into the trachea may initiate improvement and ultimate recovery with- 
out complications. In a boy, aged 8, following appendectomy under 
gas-ether anesthesia, massive collapse occurred, proved by x-ray and 
physical findings. Posture, as described, was sufficient to bring about 
recovery in two days. Sciimger reports that partial pneumothorax of 
the affected side has proved helpful. Bronchoscopy’has been of value 
in some instances in removing the retained secretions. Bronchoscopy 
also is invaluable in removal of foreign bodies of both recent and 
longer duration. However it should be done only by one skilled In this 
instrumentation. 

Other acute conditions occur which are so closely interrelated with 
the chronic that they will be discussed together. 

Treatment of chronic conditions makes up a large proportion of the 
work of the thoracic surgeon. Chronic infections often have art ex- 
tremely debilitating effect upon the patient. This is especially trite of 
empyema, lung abscess, severe bronchiectasis and secondarily infected 
tuberculous empyema. In such cases vitality is reduced, and the vis- 
ceral damage may be far beyond what the general appearance may 
indicate. Some patients may present themselves with a loss of half the 
body weight, with painful arthritis, secondary anemia of an extreme 
grade, amyloidosis of the liver which may extend to the umbilicus, 
impaired renal function and myocarditis. In these conditions physical 
therapy, supplementary to the more direct treatment, perhaps has not 
been given the recognition it deserves. With heat, massage and radio- 
therapy a long convalescence at times can be shortened. Its greatest 
u«*ef ulne«s b a-, a supplement to other treatment. Rational use of 
physical agents will extend their usefulness. 


Bronchiectasis 

Bronchiectasis is a dilatation of the bronchi with Infection giving rise 
to tough and sputum In the majority of cases it affects the lower lobes. 
There is a stagnation .»f the purulent secretions raised periodically. 
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Postural drainage often facilitates the evacuation of purulent secre- 
tions. Quincke first advised elevating the foot of the bed to promote 
drainage, and others have found this effective. Some patients find that 
bending over a chair or the side of the bed is more effective. It may 
be best to try various positions in order to find the one most suitable 
to the given patient (Fig. 2). Vomiting is not uncommon during a 
paroxysm of coughing whether or not posture is employed. For this 
reason the position should be assumed about an hour before mealtime 
and at bedtime. 



Fra. j. — Showing po«torc ununcd by patient »ith bflmteral bronchVc tnk She found 
tib more efltdlre thin other poefttom. Folkrwing thi* pcotnral drainage four ttmci • 
»be jiined fourteen poundi In *-dght, and the aroouDt of fpirtum decreased from 
Soo CC. ■ day to 150 cc. 


Artificial pneumothorax collapse in the treatment of bronchiectasis 
has yielded fair results. Its success is conditional on the absence of ad- 
hesions of tbe pleurae and the continuance of refills for months. It 
has been found most useful in the early stages of the disease. Pul- 
monary collapse by artificial pneumothorax is described more com- 
pletely under Tuberculosis. 

Measures to better the general condition of the patient should not be 
overlooked. Warm weather and sunshine are of benefit. Direct sunlight, 
^hen available, or artificial light Is best employed over the entire 
o°dy. It should be carried out as recommended by R oilier (see 

VoL m>. 
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Cautery pneitmectomy has been employed with benefit. However, the 
cases of bronchiectasis where this is indicated border on the abscess 
type. Therefore in those cases, cautery is used as described under 
Lung Abscess. 

Lung Abscess 

Lung abscess is a form of pulmonary suppuration. The treatment 
varies according to the duration, site of the lesion and condition of the 
patient. The physical agents that have proved most useful are cautery, 
bronchoscopy, postural drainage, sunlight and exercises. 

The patient with acute lung abscess should be given postural drain- 
age as the first method of treatment It is beneficial in that it lessens 
toxic absorption and in some cases has led to a cure. If the condition 
of the patient warrants it, the bead should be lowered so that gravity 
may cause evacuation of the pus at least three or four times a day. 
There is no definite position which has’ seemed to be applicable to 
all patients. Therefore if one position fails to promote drainage, other 
positions should be tried before the method is abandoned. 

Bronchoscopy is employed In selected cases with gratifying results. 
This form of treatment is most successful in the early cases of abscess 
located centrally. Its use has been adequately described by Jackson 
and his co-workers. 

The chronic abscess of the lung is the type most often seen by the 
surgeon. 

.Pojfural treatment, as previously mentioned, may be used in the 
chronic case, particularly where there exist symptoms of toxic absorp- 
tion, merely as an aid in keeping the cavity as nearly empty as 
possible. 

Pneumothorax collapse Is effective In cases in which the abscess lies 
dose to a large bronchus, which means that it is centrally situated. 
The collapse is achieved by frequent refills of air. If adhesions are 
present preventing collapse, this method is contraindicated lest the 
long be tom and the abscess drain into the pleural cavity, which will 
lead to a complicating empyema of the most serious type (Fig. 3)- 
Furthermore, if sufficient relief is not obtained by good compression, 
the air should be aspirated and the abscess drained. A pleura! effusion 
with secondary infection is a frequent complication of therapeutic 
pneumothorax for abscess. 

Of all the physical agents, cautery offers most to the patient with 
lung abscess. Surgical drainage is necessary for a cure In the majority 
of cases. The procedure for drainage will be briefly described. The 
abscess having been localized by physical findings and roentgenograms, 
on appropriate Incision is made down to the ribs. A rib may then be 
resected and the periosteal bed exposed, or, preferably, the Inter- 
costal musdes can be divided between the ribs down to the eodo- 
thorodc fasda. This is done to determine the presence of adhesions. 
If none are present, a peck may be inserted and the wound dosed 
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for one or two weeks. If drainage is more urgent, a larger window 
may be made and the lung sutured to the chest wall. With adhesions 
established, the aspirating needle and syringe are used to locate the 
abscess. The head of the operating table is lowered to prevent cerebral 
air embolism from an open vein. Cautery incision, by sealing off the 
veins which sometimes stand open in the fibrotlc lung, prevents such 
an accident. It also controls bleeding. Either the actual cautery may be 
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used or some form of the coagulation current. Such simple drainage 
is sufficient to bring about a healing of single cavities. Surrounding 
pneumonitis, multiple abscess cavities or associated bronchiectasis in 
chronic cases requires further measures. It is in this type that cautery 
has been extremely useful (Fig. 4). Graham, first writing on pneu- 
mectomy with the cautery, recommended the use of an ordinary solder- 
ing iron at red heat over a relatively large area superficially rather 
than deep into the lung. Repeated cauterizations are safer and better 
tolerated. He claims that hemorrhage may be controlled by packing 
and that it is not common after the slough separates. However, every 
precaution should be taken toward its prevention and prompt control. 



Fro. 4 — IDmtntfon of dnJmaict wound of broocbicctatie abacm. Scrml browiiU 
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brooch bl cpfxbcfium 
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Lung Abscess 

The more recent introduction of the electrosurgical units allows the 
use of the coagulation current. This is a somewhat slower procedure 
than the actual cautery but there is less likelihood of hemorrhage. 
The cutting current is hazardous in that it bums so quickly that the 
depth to which it penetrates may be misjudged, and this may lead 
to serious consequences. Recently a highly virulent abscess which was 
draining inadequately was cauterized by introducing the needle of the 
coagulation current into the surrounding lung in all directions. The 
patient’s general condition responded with surprising promptness, the 
wound quickly became cleaner, and the amount of drainage decreased 



F * 0 £--S*ine cue u Figure 4 , foOowtoR antery by me of the elect rocoajiilitioo 
cmiTtT *- The handi have been levered, con\ertiog a mulUlocuhr cavity into a *in*le 
JP* - *0** epithetmm hai been destroyed, ilknrfc* fTVmxUtloo Uxoe to form *rxi 
“atricUI coo traction to pkce. 
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markedly. In establishing drainage the electrocoagulation current 
cautery is a distinct advancement. The Incidence of complications is 
decreased by its use. 

One or more bronchial fistulas' may persist after the abscess has 
healed. Some close spontaneously, but others may persist because of 
the lipping of the bronchial epithelium; This condition can be dealt 
•with most effectively by the repeated use of the coagulation current 
cautery (Fig. 5) or 20 per cent silver nitrate solution to destroy the 
epithelium. The resulting granulations gradually lead to fibrosis and 
cicatricial closure. 

During convalescence heliotherapy stimulates the appetite and pro- 
motes general improvement. Locally it is effective in reducing the 
amount of drainage. Flick has employed direct sunlight on the drain- 
ing wounds and believes the secretions are diminished thereby. Graham 
and Singer regard heliotherapy as an important aid In the healing of an 
abscess cavity. They believe that the b unlight and ventilation reduce 
anaerobic organisms and putrefaction. They advise that the body be 
gradually exposed, including the wound, for a period of one to two 
hours dally. Coulter chooses to alternate the quart* lamp with the 
carbon arc. He starts the former at one minute on the first day, 
gradually increasing up to 15 minutes or longer. Elsewhere in this 
system (Vol. Ill) Rollier has carefully outlined his technic. 

Recently a child three years of age, following drainage of two 
abscesses of the lung, was transfused three times and given artificial 
sunlight treatment In six weeks her weight had increased from 19 to 
30 pounds — over one-third of the body weight 

Pulmonary Tuberculosis 

Certain types of pulmonary tuberculosis are amenable to surgical 
treatment Rest still remains the basic principle in the treatment 
Surgery is a means of Increasing the amount of rest of the long. Some 
of the physical means employed, such as artificial pneumothorax, 
cauterization of adhesions, and splinting the chest wall are directed 
toward the same end. 

Artificial pneumothorax has been of tremendous value In the treat- 
ment of selected cases of tuberculosis. Forlanini Is given credit for its 
first practical application in 1888. It should be administered only by 
those who have a thorough knowledge of pulmonary tuberculosis. 
Unless the Indications for its use are present and unless It is correctly 
used, more harm than good is likely to follow. The Indications for 
its employment and the technical details hardly come within the scope 
of this paper. As stated, artificial pneumothorax consists of the Intro- 
duction of air or gas Into the pleural cavity, thereby allowing the lung 
to collapse. Nitrogen gas was formerly used but now filtered air has 
largely taken Its place. The patient lies on the sound side and the skin 
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Is prepared by painting It with an antiseptic. The back, axilla or front 
of the chest may be the site of election according to the pathology 
present The first instillation of air requires special care to prevent 
injury to the lung if adherent. A free pleural space Is shown by fluc- 
tuation of the manometer. The normal reading on inspiration is about 
—6 to —to cm. of water, oscillating on expiration to —3 to — 7 cm. 
The readings should be taken after a small amount of air has been 
allowed to enter the pleural space. If the pressure has changed mark- 
edly It must be assumed that the needle is in a small pocket which 
the air has quickly filled. In the average case 250 to 400 cc. can safely 
be given. In a case of hemorrhage more may be advisable. Refills 
should be carried out each day for about three days, then every two 
days, then twice a week, and finally once a week or every two weeks. 
Thus a complete collapse may be obtained, or if adhesions are present 
they may allow only a partial collapse. Occasionally filmy adhesions 
may be broken by slightly increased pressure, but this is often not 
effective and furthermore is not without danger of tearing the lung, 
which might result in serious complications. Therefore if attempted 
it should be done with the utmost caution. High positive pressures 
should be avoided. The amount of collapse should be carefully ascer- 
tained by use of the fluoroscope and roentgenograms. 

Therapeutic pneumothorax, like most good methods, has certain 
limitations. Adhesions may prevent its use. In 1913, Jacobaeus intro- 
duced intrapleural pneumolysis as a method whereby in certain cases 
with adhesions a complete collapse could be secured by severing the 
bands holding the lung out. By means of a trocar and cannula intro- 
duced under local anesthesia, a thoracoscope can be inserted into the 
pneumothorax cavity and the field observed as the walls of the urinary 
bladder are observed by the cystoscopisL In favorable cases a cautery 
electrode is introduced and under visual guidance, made possible by the 
thoracoscope, the adhesion is severed. The thoracoscope is usually 
Introduced in the interscapular space or below the angle of the scapula, 
and the cautery in the midaxillary line or more anteriorly. However 
the position is usually determined by the pathology present. Galvano- 
cautery at a dull red heat was used by Jacobaeus, but Matson after 
pring the electrocoagulation current believes it will supplant the former 
because of its sealing and coagulating effects on the tissues, thus lessen- 
ing the dangers of hemorrhage. He further states that particularly 
when burning close to the parietal pleura, which is the safest, the heat 
of the high-frequency current is decidedly less painful. Serous effusion, 
empyema and hemorrhage have been the most frequent complications. 

Following the cauterization, the pneumothorax is left at atmospheric 
pressure; a negative pressure would favor bleeding; a positive pressure 
jmght cause embolism if the lung had been Injured and a vein opened, 
p^ugh should be controlled. Later, according to Matson, carbon dlox- 
de should be introduced in order to collapse the cavity, and this 
*Pould be done slowly to allow evacuation of the cavity contents. 
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Carbon ■ dioxide is used so that if embolism occurs from it, it will 
quickly be absorbed Into the blood stream. Archibald prefers open 
thoracotomy for severing adhesions. 

Extrapleural thoracoplasty must be resorted to where collapse is 
indicated and pneumothorax and pneumolysis are not effective. By 
means of a several-stage operation the posterior segments of the first to 
eleventh ribs may be resected, affording In most cases a good collapse 
of the lung and allowing fibrosis and healing to take place. Sometimes 
where the disease Is localized, a partial posterior reseiriion Is sufficient 
to give a good result. 



Fm. 6. — Chat *pUnt appOed to patient folkrwinf posterior thoncnplMtT tor P°t- 
raooaiy tuberoiloafc of KTen yean' da ration. It girts aonport to the aide an til regenera- 
tion of the riba talra plane. It alto may fire tome additional collapse In tome case*. 
Fk. 7. — Anterior ritV of patient In Figure 6. 


Posture following the operation may increase the collapse of the 
chest wall. By lying on the operated side the weight of the body helps 
to compress the soft tissues mobilized by the operation. Occasionally, 
where the mediastinum Is not fixed, there may be a certain amount of 
paradoxical respiration, in which case the same position Is Invaluable 
In that the weight of the heart splints the mediastinum. Strapping 
with wide adhesive may also be worth while in that it stabilizes the 
chest wall. 

Following completion of the operation, a splint such as that used in 
sanatoria may be employed (Figs. 6, 7). It consists of a broad fabric or 
suWc pad which fits under the arm and Is fastened about the opposite 
thigh and shoulder girdle. It can be tightened and perhaps increases 
the chest wall collapse; it also has a very decided supporting-effect 
while the ribs regenerate. It must not limit respiration on the sound 
side. 

A spirometer Is an apparatus to determine the vital capacity of the 
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patient (Fig. 8). This test is useful prior to thoracoplasty. The normal 
capacity in man is between 3000 and 6000 cc., being a measure of the 
greatest amount of air exhaled after the deepest inspiration. In tuber- 
culosis this may be much reduced. Normally we have from four to 



F 10 - *■ — niwtntloc of one type of tpiromrlrr for mewartu* tbe vttil empidty. After 
fa^Jratloa, the patient expires Into tbe month -piece, which eknta the 
**d record* 00 the dill In cubic centimeter*. 

B f vcn times as much capacity as is needed for quiet breathing, but if 
the reserve respiratory capacity is greatly decreased Its further reduc- 
tion by thoracoplasty is contraindicated. 

Eaiifykiia 

Empyema is an accumulation of pus in the pleural cavity. It follows 
Pneumonia, influenza and trauma or may complicate pulmonary tuber- 
culosia. Tuberculous empyema presents a different problem from the 
Pyogenic type and therefore will be discussed separately. 
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Acute empyema is usually a complication of a sudden severe fllnesi 
which has left the patient in a weak condition. The added strain of 
a new infection, with its attendant fever and other manifestations of 
toxic absorption, may reduce him to a critical condition. The funda- 
mental principle of treatment is evacuation of the pus. In small 
children and occasionally adults, repeated aspiration has resulted in 
recovery. However, two methods, the dosed and open, are the ac- 
cepted methods of treatment In the dosed method the pus is evacu- 
ated by the introduction of a catheter into the pleural cadty by means 
of a trocar and cannula inserted through an intercostal space and 
suitably fixed in place; In the open method, by the resection of a seg- 



F» o — IBoMnuoo of i Me Elroy tyrinjet, tin barrel being tned a* » f u»oei In ft caa* 
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meat of one or more ribs and proriding wide-open drainage. In the 
case of the critically ill patient and in the acute stage of the strepto- 
coccic type of empyema which is seen following epidemic influenza, 
there remains no choice as to type of operation. The dosed method 
here is mandatory in that it is a much less formidable operation than 
resection of a rib, and furthermore it prorides against the reduction 
of the vital capacity in those patients where the mediastinum is not 
fixed. During the epidemic of 1918, postinfluenzal empyemas showed 
a very high mortality, partly due to the virulence of the organism, 
but likewise to the open pneumothorax created by resection of one 
or more ribs, resulting in a collapse of the lung and often a shifting 
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of the mobile mediastinum, and leading to marked impairment of the 
respiratory capacity. The more general adoption of the closed method 
of treatment in ordinary cases has been followed by improved results. 

Adequate drainage must be maintained all of the time. For this pur- 
pose numerous methods have been devised. The more simple the pro- 
cedure, the more universally applicable it is to all cases, providing it 
fulfils two cardinal principles — namely, adequate drainage and restora- 
tion of function to the partially collapsed lung. 

A McElroy syringe, such as illustrated in Figure 9, serves very 
well for aspirating the pus and for Irrigating the cavity. The barrel 
may be used as a funnel, and the irrigating solution, preferably 
Dakin’s, where no bronchial fistula exists Is allowed to flow Into the 
cavity by gravity, thereby avoiding too great amount of pressure. 
The solution is thoroughly mixed with the pus by a back-and-forth 
motion of the syringe, and each time more solution Is removed than 
introduced (Fig. 10). This causes a gradual refcxpansion of the lung. 
The Dakin’s solution also Is an excellent solvent for removing the 
fibrinous exudate from the walls of the pleurae, thereby reducing to a 
minimum the thickening of the same and fibrosis of the underlying 
lung. In ordinary cases this procedure is carried out every two hours 
during the day. Where the toxidty is great. It is advisable to increase 
the frequency of Irrigations during the day and also to irrigate several 
times during the night 

Some prefer to use continuous suction. By means of several bottles 
at different levels a solution can be allowed to flow into the pleural 
cavity, and by siphanage it is continuously withdrawn. Buelau, Perthes 
and Morrelli have described different types of apparatus for this pur- 
pose. Some prefer open drainage. It involves resection of segments 
of one or two ribs and the insertion of tubes. It calls for no physical 
agents to facilitate drainage. 

Adequate drainage having been established, the next step is to 
restore function of a partially collapsed long. Whatever method is 
used to bring about drainage, reftipansion of the lung can be hastened 
by the same means. 

Blow bottles, or Wolff bottles, are of distinct advantage (Fig. 1 0 * 
By blowing water from one bottle to the other the lungs are Inflated to 
their capacity; which promotes obliteration of the cavity. Children may 
find balloons or horns more to their liking, or the water may be colored 
In the bottles, creating a greater interest. Other physical agents are 
usually unnecessary In acute cases. 

Chronic empyema, however, presents a different problem. Chronidty 
Is due In the majority of cases to inadequate drainage, but other causes 
are bronchial fistula, foreign bodies, tuberculosis and osteomyelitis of 
the rib. Here again drainage must be established by one of the methods 
described under the acute condition. Likewise, the blowing exercises 
should be employed In order to restore as much function as possible. 
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Empyema with Bronchial Fistula, — Bronchial fistula not infre- 
quently is the cause of chronidty. Some bronchial fistulas close when 
adequate drainage is established; others do not, and such fistulas arc 
the underlying cause of failure to obliterate the cavity. Cauterization 
with the coagulation current is both effective and safe in promoting its 
closure. It destroys the bronchial epithelium lipping the opening and 
leads to granulation and scar tissue contraction. This' type of current 
is safer than silver nitrate stick, in that secondary hemorrhage Is less 
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likely following its use. Repeated cauterizations may be necessary to 
bring about closure, which should not be attempted if there is any 
evidence that the bronchus is draining a pulmonary suppurative 
process. 

Atrophy of the muscles and arthritis are often observed In chronic 
empyema. Massage can be u*cd to bring about better muscle tone until 
the patient.’* condition warrants active exercise, With tht focus of In- 
fection gradually diminishing through drainage, the joints should also 
receive message as suggested by Mock for rheumatoid conditions (tee 
Vol, II;. 

Proper exercbes are indicated where there h limitation of motion 
or function. 

Heliotherapy may l^e advantageous for the pa tie nt furred from run- 
li^rt and fresh air by a prolonged critical Illness, 
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Tuberculous Empyema. — Tuberculous empyema without secondary 
pyogenic Infection is not amenable to the principles which guide the 
treatment of the pyogenic type. A tuberculous empyema may exist as 
a primary lesion; that is, a tuberculous pleuritis may be present with 
no demonstrable pathology in the underlying lung. The culture and 
smear show no organisms with the exception that sometimes the tuber* 
de bacillus maybe demonstrated. In some patients, when no pressure 
symptoms arise, the pus may be left undisturbed for a time; in others, 
oleothorax is used with varying success. Aspiration of the pus with 
replacement with air by use of the pneumothorax apparatus may be 
highly beneficial. This is especially true where toxic absorption Is 
evident. The pressure is usually left at about that of the atmosphere. 
Reexpansion of the lung is desirable here, and this Is gradually brought 
about through absorption of the air. Forced expansion through the use 
of blowing bottles or similar devices is not desirable. 

Tuberculous empyema, however, not infrequently complicates a 
clinically evident pulmonary’ tuberculosis. The underlying lung may 
present physical findings suggestive of the disease, or the roentgeno- 
gram may show cavities or evidence of tuberculosis where the empyema 
is not massive enough to obscure the entire lung field. If both are 
masked the history may determine the presence of lung involvement. 
If the pus shows no pyogenic organisms, the purulent effusion may be 
undisturbed for a time at least. It compresses the underlying diseased 
lung which may lead to considerable improvement. However, aspira- 
tion with replacement by air may be still more beneficial. It is abso- 
lutely essential in this type, however, to continue the partial or com- 
plete collapse-.*! the lung, as the case may be, in order to Insure 
permanent healing bf the lung. Reexpansion of the lung before the 
lesion Is healed Is contraindicated. A thoracoplasty may be the only 
means of curing persisted tuberculous empyema with pulmonary 
involvement. ' “ 

Tuberculous empyema assumes a different status when pyogenic 
organisms complicate it. If the infection is extremely mild, aspirations 
occasionally control the toxic absorption. Where a major surgical pro- 
cedure is not contraindicated a thoracoplasty is advisable. Usually the 
infection demands drainage by the dosed or open method, followed 
later by extrapleural thoracoplasty. Here again the condition of the 
underlying lung is the criterion on which the treatment is based. With 
extensive pulmonary involvement, no procedure to promote reexpan- 
sion of the lung should be employed. 

Carcinoma or the Lung 

Radium is palliative in carcinoma of the lung. Where the tumor is 
situated in the periphery of the lung it can be reached try thoracotomy- 
Radon implants can be distributed through the mass. Three patients 
with pain as the most pronounced symptom were markedly relieved 
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for months by such treatment One, a farmer, took a new interest in 
his work for eight months after its use,. though he had not been able 
to work for a year previous to this time. Another, a woman, who 
had large amounts of pleural fluid necessitating repeated aspirations, 
required but one aspiration during the succeeding six months that she 
survived. She was much more comfortable possibly because of the 
absence of fluid. Still another, with severe pain in the arm due to pres- 
sure on the brachial plexus, wa3 afforded relief until his death eight 
months later. Some of this relief may have been due to the resection 
of a segment of rib. However, with the slow growth of the tumor, 
the recurrent pain was not as severe as prior to the implantation of 
the radon seeds. In our experience no untoward effects or complica- 
tions have followed its use. 

Drinker Respirator and the Pulmotor 

The Drinker respirator and the pulmotor should be mentioned as 
physical agents invaluable in cases of interrupted respiration. In the 
respiratory muscles, ascending paralysis of poliomyelitis, in drowning 
and carbon monoxide poisoning they have been of utmost value. Un- 
doubtedly wider application will be found for the Drinker apparatus. 
The descriptions and more complete details of the uses of these devices 
appear in Volume I of this work. 





